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Abstract 

Background: Thoracic epidural placement (TEP) using the conventional anatomic landmark-based technique is 
technically challenging, may require multiple attempts, and is associated with a high failure rate (12–40%). We hypoth-
esized that real-time ultrasound guidance would be superior in the “first-pass” success rate of TEP, when compared 
with the conventional technique.

Methods: This prospective, randomized, superiority trial was conducted in a University hospital, and recruited 96 
patients undergoing elective major abdominal or thoracic surgery and scheduled to receive a TEP for postoperative 
analgesia. Patients were randomly allocated to receive TEP using either the conventional technique (Gp-Conv, n = 48) 
or real-time ultrasound guidance (Gp-Usg, n = 48). The success of TEP was defined as eliciting loss of resistance tech-
nique and being able to insert the epidural catheter. The primary outcome variable was the “first-pass success rate” 
meaning the successful TEP at the first needle insertion without redirection or readvancement of the Tuohy needle. 
The secondary outcomes included the number of skin punctures, number of attempts, the overall success rate, TEP 
time, and total procedure time.

Results: The first-pass success rate of TEP was significantly higher (p = 0.002) in Gp-Usg (33/48 (68.8%); 95%CI 55.6 to 
81.9) than in Gp-Conv (17/48 (35.4%); 95%CI 21.9 to 49.0). There was no statistically significant difference (p = 0.12) in 
the overall success rate of TEP between the 2 study groups (Gp-Usg; 48/48 (100%) vs. Gp-Conv; 44/48 (91.7%); 95%CI 
83.9 to 99.5). Ultrasound guidance reduced the median number of skin punctures (Gp-Usg; 1 [1, 1] vs Gp-Conv; 2 [1, 
2.2], p < 0.001) and attempts at TEP (Gp-Usg; 1 [1, 2] vs Gp-Conv; 3 [1, 7.2], p < 0.001) but the procedure took longer to 
perform (Gp-Usg; 15.5 [14, 20] min vs Gp-Conv; 10 [7, 14] min, p < 0.001).

Conclusions: This study indicates that real-time ultrasound guidance is superior to a conventional anatomic land-
mark-based technique for first-pass success during TEP although it is achieved at the expense of a marginally longer 
total procedure time. Future research is warranted to evaluate the role of real-time ultrasound guidance for TEP in 
other groups of patients.
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Introduction
Thoracic epidural analgesia (TEA) is the established gold 
standard for postoperative pain management after major 
open thoracic and abdominal surgery [1–3]. However, 
although TEA improves postoperative outcomes [1–3] 
access to the thoracic epidural space using the conven-
tional anatomic landmark-based technique (henceforth 
referred to as conventional technique) can be techni-
cally challenging [4]. This is more so in the mid-tho-
racic region (T5-T9) where the interlaminar spaces are 
relatively narrow [5, 6], due to the laminae being closely 
stacked up against each other, and the spinous processes 
are steeply angled caudally [6]. Moreover, age-related 
changes in the anatomy of the thoracic spine, e.g. closure 
of the interlaminar spaces and calcification of the supras-
pinous ligament, can also limit access to the epidural 
space [6]. Consequently, the conventional technique of 
thoracic epidural placement (TEP), whereby the needle 
is frequently inserted using the paramedian approach, 
may require multiple attempts [7], and is associated with 
a relatively high failure rate (12–40%) [4, 8]. Serious tech-
nical complications after TEP are relatively rare (1:1000, 
[9]) but can lead to needle misadventure with spinal cord 
injury [10], placement of a catheter into the ipsilateral 
[11] or contralateral [12] pleural cavity, and even pneu-
mothorax [13]. Therefore any technique that can improve 
technical precision, reduce the number of attempts, and 
improve the safety of TEP is desirable.

Ultrasonography of the lumbar [14, 15] and thoracic 
spine [14, 16–18] is currently feasible and has been used 
to facilitate central neuraxial blocks [19–21] including 
TEP [8, 16, 17, 22]. When used in the thoracic region it is 
used either as a preprocedural ultrasound scan [16, 22] or 
to guide the epidural needle in real-time [8, 17]. With the 
preprocedural ultrasound scan one can accurately deter-
mine a given thoracic intervertebral level [16, 23], iden-
tify the mid-line [16], determine the best needle insertion 
point and trajectory for needle insertion [24], and meas-
ure the depth to the epidural space [16, 22, 23, 25]. How-
ever, a preprocedural ultrasound scan on its own doesn’t 
appear to improve the technical precision of TEP or 
reduce the time required to identify the thoracic epidural 
space when compared with the conventional technique 
[16]. Also, although real-time ultrasound-guided TEP is 
technically feasible [8, 17] and accurate (76% first-pass 
success) [8] there is a paucity of data on the technique 

[8, 17] and no randomized controlled trials comparing 
real-time ultrasound guidance with the conventional 
technique. In this study, we hypothesized that real-time 
ultrasound guidance would improve the “first-pass” suc-
cess rate of TEP, when compared with the conventional 
technique.

Methods
This prospective, randomized, single-center, study was 
approved by the Human Research Ethics Committee 
of the Faculty of Medicine, Prince of Songkla Univer-
sity, Thailand on 2 March 2020, and it was conducted 
in accordance with the relevant guidelines and regula-
tions by the ethical committee. This study was prospec-
tively registered with the Thai Clinical Trials Registry 
(http:// www. thaic linic altri als. org/) under the Trial ID: 
TCTR20200522002 (Registration date 20/05/2020; Issue 
date 22/5/2020). Patient enrollment date on 22 May 
2020–15 February 2021. Of the 110 adult patients who 
were screened for recruitment, 96 patients who gave 
written informed consent and were scheduled to undergo 
elective thoracic or abdominal surgery with a planned 
postoperative TEA at Songklanagarind hospital (Uni-
versity setting) were recruited (Fig. 1). Exclusion criteria 
included the following: patient’s refusal, pregnancy, con-
traindications for central neuraxial blocks, morbid obe-
sity (BMI > 35  kg/m2), allergy to local anesthetic drugs, 
presence of spinal deformity, and history of thoracic 
spine surgery.

Randomization
Patients were randomized into either Gp-Conv (con-
ventional technique, n = 48) or Gp-Usg (real-time 
ultrasound-guided, n = 48) for the TEP by drawing 
sequentially numbered, coded, sealed opaque envelopes 
that contained a card with a computer-generated alloca-
tion number (1 = Gp-Conv, 2 = Gp-Usg). The randomi-
zation sequence and envelopes were prepared by a third 
party who took no further part in the study. The sur-
geons, investigators and outcome assessors were all una-
ware of the randomization sequence before the TEP.

Pre‑operative preparation
At the  preoperative visit, patients were explained about 
postoperative TEA and invited to participate in the study. 
Written informed consent was obtained from those who 

Trial registration: Thai Clinical Trials Registry; http:// www. thaic linic altri als. org/; Trial ID: TCTR2 02005 22002, Registra-
tion date: 22/05/2020.
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agreed to participate in the study. All patients were fasted 
and prescribed no sedative drug premedication. The TEP 
was performed in a procedure room about 1–1.5 h before 
the scheduled surgery. On arrival, a regional anesthesia 
preprocedural checklist was applied and standard moni-
toring was instituted. Patients were also instructed on 
how to rate the discomfort experienced during the TEP 
using a verbal numeric rating scale (0–10, 0 = comfort, 
10 = worst imaginable discomfort). The oxygen supple-
mentation (1–2  l/min) was commenced and midazolam 
(1–2  mg) and/or fentanyl (50  μg) were administered 
intravenously for procedural sedation.

Blinding method
The anesthesiologist performing the TEP, and the out-
come assessor (nurse assistant) could not be blinded to 
group allocation because the nurse had to record the pro-
cedural data. Patients were unaware of the group alloca-
tion and were all placed in the lateral decubitus position 
for the TEP. The ultrasound machine was placed in front 
of the patient and the anesthesiologist was positioned 
behind the patient. Irrespective of the study group ultra-
sound was used to locate the target thoracic interverte-
bral level by identifying the ribs space as described below. 

In Gp-Conv, the ultrasound scan was stopped and frozen 
at the intercostal view (to semi-blind the patients) while 
in Gp-Usg real-time ultrasound images were continu-
ously displayed. So in  Gp-Conv ultrasound imaging was 
used only to identify the thoracic intervertebral level and 
the epidural catheterization was performed using the 
traditional palpation (tactile) and loss-of-resistance tech-
nique. In contrast, in Gp-USG  ultrasound was used to 
locate the thoracic intervertebral level, preview the spinal 
anatomy, identify the target intervertebral, and guide the 
epidural needle in real-time to the ligamentum flavum, 
after which loss-of-resistance was used to identify the 
epidural space before catheter placement.

Thoracic epidural placement
In Gp-Conv the TEP was performed by an attending 
anesthesiologist (specialist experience ranged from 
4 to 15  years’). In Gp-Usg the TEP was performed by 
one of three anesthesiologists (JP, PB and KN) (with 2 
to 5  years post-fellowship experience  in ultrasound-
guided regional anesthesia). The TEP was performed 
under aseptic precautions and with the patient in either 
left or right lateral decubitus position in Gp-Conv. 
However, in Gp-Usg, all patients were positioned in 

Fig. 1 Consort flow chart
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the left lateral (Fig. 2A), to improve the dexterity of the 
operator using the dominant (right) hand for needling 
while performing the TEP. The target thoracic interver-
tebral level used for the TEP depended on the type of 
surgery and the preference of the anesthesiologists.

A Phillips Affiniti 50 ultrasound system (Philips 
Healthcare, Andover, MA) with a low-frequency 
curvilinear (3–6  MHz) or a high-frequency linear 
(5–12 MHz) transducer was used during the study. The 
target intervertebral level for the TEP was confirmed 
by using ultrasound by performing a paramedian sagit-
tal scan (5–7  cm away from the midline) at the lower 
thoracic cage to locate the  12th rib and then counting 
upwards [25] to identify the intercostal space at the tar-
get intervertebral level (Fig. 3A).

A Perifix® epidural set (B-Braun, Germany), with an 18 
gauge Tuohy needle and a 20 gauge multi-orifice catheter, 
was used for the TEP in both study groups. After suc-
cessfully locating the epidural space 4–5  cm of the epi-
dural catheter was advanced into the epidural space, and 
it was then safely tunneled subcutaneously, secured, and 
covered using a clear transparent dressing (3 M™ Tega-
derm™, USA).

Conventional TEP (Gp‑Conv)
The TEP was performed using either the midline or the 
paramedian approach. For the  midline  approach, the 
Touhy needle was inserted at the interspinous space, and 
for  the paramedian approach the needle was inserted  
1  cm below the midline. After skin infiltration, the 
Touhy needle was inserted and advanced in a  caudo-
cranial direction until the needle entered the ligamen-
tum flavum. The epidural space was identified using 
loss-of-resistance (LOR) to saline or air (Fig. 2 E and F), 
depending on the choice of the anesthesiologists.

Real‑time ultrasound‑guided TEP (Gp‑Usg)
The ultrasound transducer with its cable was covered 
using a sterile plastic sleeve (Fig.  2C). Normal saline 
was used instead of the ultrasound gel as the cou-
pling agent to prevent the unintentional introduction 
of ultrasound gel into the epidural space during the 
TEP. The real-time USG TEP was performed from the 
non-dependent side, with the patient in the left lateral 
position (Fig.  2C), and in three sequential steps. Step 
1. Identification of the interlaminar space at the target 

Fig. 2 The technique of real-time ultrasound-guided thoracic epidural catheterization. A Patient positioned in the left-lateral decubitus 
position. Note the skin markings of the thoracic spinous processes (SP) and interspinous spaces (ISS) at the target thoracic level. B Paramedian 
sagittal oblique sonogram of the target intervertebral level showing the laminae and interlaminar spaces. C Paramedian, in-plane, real-time 
ultrasound-guided (USG) Tuohy needle insertion from the caudal end of the transducer and from the non-dependent side. D Paramedian sagittal 
oblique sonogram demonstrating the Tuohy needle (white arrowheads) insertion in-plane and with its tip located adjacent to the interlaminar 
space, (E) Eliciting loss-of-resistance (LOR) to injection of saline to locate the epidural space. Note how the hands of the operator support the Tuohy 
needle—LOR syringe assembly on the patients back, (F) Illustrating LOR to air to locate the epidural space. SP; indicates a spinous process, ISP; 
interspinous space, ESM; erector spinae muscle, LF; ligamentum flavum, * represents the interlaminar space
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intervertebral level. (Fig.  2B) From the sagittal scan at 
target rib space (Fig.  3A), the ultrasound transducer 
was then slid medially, maintaining the same sagittal 
orientation, until the transverse processes of the tho-
racic vertebra were visualized (Fig. 3B). Further sliding 
of the transducer medially brought the articular pro-
cesses into view in the sagittal sonogram (Fig. 3C), the 
transducer was then gently tilted medially (paramedian 
sagittal oblique scan) until the lamina and the inter-
laminar spaces were identified (Figs.  2B and 3D). Step 
2. With the target interlaminar space in view on the 
ultrasound monitor (Fig. 2B), the skin was infiltrated at 
the caudal end of the ultrasound transducer. The Tuohy 
needle was then inserted in-plane and advanced under 
real-time ultrasound guidance and in a caudo-cranial 
direction (Fig.  2C) until the needle tip was seen to lie 

adjacent to the target interlaminar space (Fig.  2D) or 
judged to have engaged in the ligamentum flavum. Step 
3. With the Tuohy needle tip engaged in the ligamen-
tum flavum the ultrasound transducer was removed 
and the LOR syringe was attached to the Touhy needle 
hub (Fig.  2E and F). The needle-syringe assembly was 
then slowly advanced, and the LOR to normal saline 
was intermittently elicited  to confirm entry of the 
needle tip into  the epidural space. If there was a bony 
contact, minimal needle manipulation was performed 
to enter the epidural space. However, if it was not pos-
sible to locate the epidural space due to multiple bony 
obstructions (> 3 attempts) then the needle-syringe 
assembly was completely withdrawn and the ultra-
sound transducer was reapplied to evaluate the sono-
anatomy. Thereafter the procedure was repeated at the 

Fig. 3 Ultrasound sequence to identify the relevant sonoanatomy at the target intervertebral level for the real-time thoracic epidural 
catheterization. A Paramedian sagittal sonogram at the level of the  8th intercostal space after counting up from the 12.th rib. Note the rounded ribs 
and the hypoechoeic pleura. B Paramedian sagittal sonogram at the level of the transverse process (TP). Note the pleural is less clearly visualized 
at the level of the transverse processes. C Paramedian sagittal sonogram at the level of the articular processes. Note the sonographic appearance 
of the articular processes varies from that of the ribs and transverse processes. D Paramedian sagittal oblique sonogram at the level of the laminae 
of the thoracic vertebra, Note the flattened appearance of the lamina. R; represents the rib, TP; transverse process, ESM; erector spinae muscle, * 
represents the interlaminar space
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same interlaminar space or an adjacent interlaminar 
space was used.

Intraoperative/postoperative TEA management
After negative aspiration of the epidural catheter, a 
test dose of 3  ml of 2% lidocaine with epinephrine was 
injected, and vital parameters were monitored at 3 min’ 
intervals. Loss of sensation to pin-prick was used to 
assess the extent of sensory blockade after the test dose, 
and to confirm correct thoracic epidural placement. 
Patients were then transferred to the operating room and 
a standardized general anesthetic was administered for 
surgery. Once patients were hemodynamically stable an 
additional 5-ml bolus of a mixture of 0.2% bupivacaine 
and fentanyl (2  μg/ml) was slowly injected via the  epi-
dural catheter before skin incision and a continuous infu-
sion of the same epidural mixture was commenced at 
0.1 ml/kg/h. Once patients arrived in the recovery room 
the epidural infusion was changed to a mixture of 0.1% 
bupivacaine and fentanyl (2  μg/ml) at 0.1  ml/kg/h for 
postoperative analgesia. Postoperative TEA was managed 
by our acute pain team until the epidural catheter was 
removed.

Outcome measures
The primary outcome of this study was the “first-pass 
success rate”, which was defined as successful TEP with 
a single skin puncture, minimal needle tip manipula-
tion, and no needle redirections. Successful TEP was 
defined as being able to elicit LOR and insert a prede-
termined length (4 to 5 cm) of the catheter into the epi-
dural space. If the TEP was technically difficult and the 
procedure took longer than 30  min, it was considered 
a failure. Secondary outcomes included the number of 
skin punctures and attempts, failure rate, preparation 
time, TEP time, total procedure time and any complica-
tions. For defining the number of attempts, if after the 
first skin puncture and Tuohy needle insertion the nee-
dle was withdrawn and re-advanced or redirected, with 
or without additional skin puncture, it was recorded as 
an additional attempt. Preparation time was recorded as 
the time from the start of patient positioning to the com-
pletion of skin infiltration. TEP time was defined as the 
time it took from Tuohy needle insertion to removal of 
the needle after catheter placement. The total procedure 
time represented a combination of the preparation time 
and TEP time. The discomfort experienced was rated on 
a verbal numeric rating scale as described above.

Statistical methodology
Sample size calculation
Sample size was calculated using the n4Studies smart-
phone app [26]. A pilot study (n = 20) in our hospital 

demonstrated that the first-pass success rate for TEP 
using real-time ultrasound guidance was 60%. We 
assumed that the “first-pass success” rate for the con-
ventional technique would be 50% of ultrasound-guided 
(30%). The sample size was calculated to test the hypoth-
esis that real-time ultrasound guidance would be supe-
rior to a conventional technique for “first-pass success” 
during TEP with the superiority margin (δs) set at 0.05. 
It was thereby estimated that a sample size of 90 (45 
patients per study group) would provide 80% power 
to demonstrate the difference in first-pass success rate 
between the two techniques with an α error of 0.05. We 
recruited 48 patients per study group to compensate for 
any potential dropouts or variability in the data recorded.

Data analysis
R program (The R Foundation, V.3.5.3) was used for sta-
tistical analysis, and the normality distribution of con-
tinuous variables was tested using the Shapiro–Wilk 
test. Data are presented as mean ± SD) or median [inter-
quartile range] depending on the data distribution, and 
Student t-test or Wilcoxon rank-sum test were used as 
appropriate to compare the outcomes. Frequency n(%) 
was used to present categorical  variables, and the x2 
or Fisher-exact test was used to compare between the 
groups. P < 0.05 was considered statistically significant. 
To demonstrate the superiority of real-time ultrasound 
guidance over the conventional technique of TEP the 
proportion and 95% confidence interval (CI) of the first-
pass success rates for both study groups were computed 
and Gp-Usg was defined as being superior to Gp-Conv 
if the lower bound of the 95% CI of Gp-Usg was beyond 
the pre-specified δs. In this study, the δs was  set at 5% 
because we believed this would be the smallest difference 
that would be clinically important (clinical significance).

Results
Ninety-six patients were randomized to either Gp-Usg 
(n = 48) or Gp-Conv (n = 48) (Fig. 1). There was an over-
all failure of the  TEA in  5(10.4) patients in Gp-Conv 
and none in Gp-Usg (p = 0.056). However, data from all 
patients were included in the final analysis. The 2 study 
groups were comparable in demographic data and clini-
cal characteristics except that  patients in Gp-Conv 
underwent more thoracic surgery than that in Gp-Usg 
(Table  1). Nevertheless, more (p = 0.03) TEP were per-
formed in the mid-thoracic spine in Gp-Usg (91.7%) than 
in Gp-Conv (72.9%). The first-pass success rate of TEP 
was significantly higher (p = 0.002) in Gp-Usg (68.8%; 
95%CI 55.6 to 81.9) than in Gp-Conv (35.4%; 95%CI 21.9 
to 49) (Table 2). Also, the lower bound of the 95%CI for 
the first-pass success rate of Gp-Usg was beyond the 
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pre-specified δs (5%) of the  95%CI in Gp-Conv (Fig.  4) 
confirming clinical superiority of Gp-Usg.

Procedural data relating to the TEP for the two study 
groups are presented in Table  2. The median number 

of skin punctures was significantly higher (p < 0.001) 
in Gp-Conv than in Gp-Usg. Patients in Gp-Usg also 
required fewer (p < 0.001) attempts for the TEP than 
that in Gp-Conv. 17/48(35.4%) patients in Gp-Conv 

Table 1 Demographic Data and Clinical Characteristics of the Study Groups

Data are presented as mean ± SD, median [IQR Q1 to Q3], frequency (n), type of surgery: a; thoracic surgery, b; upper abdominal surgery, c; lower abdominal surgery

ASA American Society of Anesthesiologist, BMI body mass index, TEP thoracic epidural placement, mcg microgram, T5-T8 mid-thoracic spine, T9-T12 lower thoracic 
spine

Conventional Group (n = 48) Ultrasound Group (n = 48) P value

1. Age (yrs.) 58.5 [53.75 to70.25] 60.0 [51.0 to 67.0] 0.53

2. Gender (male/female), n 28/20 26/22 0.84

3. ASA status (I/II/III), n 0/34/14 2/36/10 0.29

4. Weight (kg) 59.4 ± 11.8 60.3 ± 10.2 0.68

5. Height (cm) 162.50 [155 to 166.2] 160 [154.8 to 168.2] 0.69

6. BMI, (kg  (m2)−1) 22.8 ± 3.5 23.4 ± 4.0 0.46

7. Type of surgery (a/b/c), n 23/15/10 12/27/9 0.03

8. TEP level, n 0.03

 T5-T8/T9-T12 35/13 44/4

9. Number of patient’s who 1 0 0.47

 did not achieve sensory

 blockade after the test

 dose, n

10. Number of Dermatomes 5 [4 to 7] 5 [4 to 7] 0.86

 blockade after the test

 dose, n

Table 2 Procedural data relating to the TEP in the two study groups

Data are presented as a frequency (percentage), n (%), frequency (percentage) (95% confidence interval), n (%) (95% CI), or median [IQR Q1 to Q3]. a the calculate 
according to the definition of success TEP (achieve a loss of resistance technique and able to insert the catheter), b the calculation from primary failure TEP, and 
included intraoperative catheter failure, CI confidence interval, IQR interquartile rang, TEP thoracic epidural placement

Conventional Group (n = 48) Ultrasound Group (n = 48) P value

1. First-pass success; 17 (35.4) 33 (68.8) 0.002

 n (%) (95% CI) (21.9 to 49.0) (55.6 to 81.9)

2. TEP  successa; 44 (91.7) 48 (100) 0.117

 n (%) (95% CI) (83.9 to 99.5) (100 to 100)

3. Overall TEP failure  rateb; 5 (10.4) 0 (0) 0.056

 n (%) (95% CI) (1.77 to 19.06) (0 to 0)

4. Number of skin punctures 2 [1 to 2.25] 1 [1 to 1]  < 0.001

5. Number of attempts 3 [1 to 7.2] 1 [1 to 2]  < 0.001

6. Success rate of TEP with

 each attempt; n (%)  < 0.001

 One attempt 17 (35.4) 33 (68.8)

 Two attempt 4 (8.4) 10 (20.8)

 Three attempt 5 (10.4) 3 (6.2)

 Four attempts 5 (10.4) 2 (4.2)

 ≥ Five attempts 17 (35.4) 0 (0.0)

7. Preparation time (min) 5 [3.8 to 6] 13.5 [11 to 15]  < 0.001

8. TEP time (min) 2 [1 to 4] 1.5 [1 to 3] 0.190

9. Total procedure time (min) 10 [7 to 14] 15.5 [14 to 20.2]  < 0.001

10. Discomfort score (0–10) 1 [0 to 5] 0 [0 to 4.2] 0.44
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required more than 5 attempts for the TEP but in Gp-
Usg it was achieved in most patients (43/48(89.6%)) 
within 2 attempts (p < 0.001). There was no difference 
in TEP time between the 2 study groups (p = 0.20), but 
the preparation time and total procedure time were 
significantly longer in Gp-Usg (p < 0.001). There was 
no difference (p = 0.44) in the discomfort experienced 
between the 2 study groups. There were no complica-
tions directly related to the technique or local anes-
thetic injection except for one patient in Gp-Usg where 
accidental intravascular placement was suspected. 
Therefore, the catheter was removed and repositioned 
at a higher level.

Discussion
In this prospective, randomized trial, we compared the 
first-pass success rate of TEP between real-time ultra-
sound guidance and the conventional anatomic land-
mark-based technique.

Under the conditions of this study, our findings confirm 
our hypothesis that real-time ultrasound guidance not 
only improves the technical precisions for TEP but is also 
clinically superior to the conventional technique for the 
first-pass success rate of TEP. Currently, there is a paucity 
of data on real-time ultrasound guidance for TEP [8, 17] 
and we believe this is the first study to demonstrate that 

real-time ultrasound guidance improves technical pre-
cision during TEP when compared to the conventional 
technique.

The first pass-success rate of TEP with real-time ultra-
sound guidance (68.8%) was significantly higher than that 
with the conventional technique (35.4%). Currently, there 
are no comparable data but our first-pass success rate of 
TEP in the 2 groups are comparable to that reported for 
conventional (42 to 45%) [27] and real-time USG TEP (73 
to 76%) [8, 17]. The near 100% improvement in first-pass 
success for TEP in Gp-Usg compared to Gp-Conv that 
we have demonstrated, also confirms that our finding is 
clinically relevant. We believe the higher first-pass suc-
cess rate in Gp-Usg was due to the greater precision with 
which the Tuohy needle could be advanced to the target 
interlaminar space before entering the epidural space 
was located using LOR. Currently, there are no published 
data comparing the clinical benefits of real-time ultra-
sound-guided over the conventional technique for TEP. 
It is also noteworthy that more TEP’s were performed 
in the mid-thoracic region in Gp-Usg than in Gp-Conv 
(Table  1). Therefore, despite the greater technical diffi-
culty of TEP in the mid-thoracic region (T5-T8) than in 
the low-thoracic region (T9-T12) [5, 27] our higher first-
pass success in Gp-Usg is further evidence that real-time 
ultrasound guided technique is superior for TEP than the 

Fig. 4 The first-pass success rate of thoracic epidural placement in the study groups. Data are presented as a proportion with its 95% CI (confidence 
interval). The Black dashed line represents the pre-specified superiority margin (δs = 0.05). Note the lower bound of the 95%CI for the first-pass 
success rate of Gp-Usg (real-time ultrasound-guided group) does not overlap the upper bound of the 95%CI of Gp-Conv (conventional anatomic 
landmark group) and it is beyond the pre-specified δs of 5% confirming clinical superiority of Gp-Usg. # represents inter-group difference p = 0.002, 
and TEP, thoracic epidural placement
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conventional technique. Future research to compare the 
technical success rate and clinical efficacy of TEP using 
real-time ultrasound guidance in the mid- vs lower-tho-
racic levels is warranted.

The number of skin punctures and attempts at TEP 
was significantly lower in Gp-Usg than in Gp-Conv. 
There are no comparable data with TEP but Grau and 
colleagues [28] have demonstrated that real-time ultra-
sound visualization reduces needle puncture and spinal 
needle manipulation  during combined spinal-epidural 
anesthesia [28]. We believe our results reflect improved 
precision during needle advancement with real-time 
ultrasound guidance. Also given that fewer skin punc-
tures and needling attempts were required with real-time 
ultrasound guidance one might expect patients in Gp-
Usg to experience less procedural discomfort than that in 
Gp-Conv. However, we found that patients in both study 
groups reported low procedural discomfort and tolerated 
the procedure well. This might be because of the proce-
dural sedation, and the local anesthetic skin infiltration. 
We acknowledge that discomfort score was a secondary 
outcome in this study and thus not powered to demon-
strate a difference in this outcome. Therefore, future ran-
domized studies should determine if real-time USG can 
reduce procedural discomfort during TEP.

The TEP success rate and overall TEP failure rate in 
the 2 groups were similar. There are no comparable 
data but our technical success rates for Gp-Usg (100%) 
and Gp-Conv (90%) are comparable with that reported 
in the literature [8, 16, 17]. Nevertheless, the power of 
this study was not adequate to demonstrate this differ-
ence. It is also noteworthy that the total procedure time 
was marginally longer in Gp-Usg than that in Gp-Conv. 
This is understandable and reflects the additional time 
required in Gp-Usg to perform the ultrasound scan and 
aseptically prepare the ultrasound transducer. The tech-
nical success of TEP depends on multiple factors that 
may be related to the patient, technique or the experi-
ence of the operator. This was a randomized study and 
the two techniques being compared were performed by 
two groups of experienced anesthesiologists. Therefore, 
operator-related factors should not have affected the 
TEP success rate.

The clinical significance of the improved first-pass suc-
cess rate and reduced number of skin punctures required 
for the TEP in Gp-Usg of this study is not entirely clear as 
there are no comparable data in the literature. However, a 
recent systematic review and meta-analysis [29] compar-
ing the landmark-based technique with a preprocedural 
ultrasound scan for neuraxial anesthesia in the obstetric 
population found that a preprocedural ultrasound signifi-
cantly increased the first-pass success rate and reduced 
the incidence of complications including bloody tap or 

vascular cannulation, and postpartum headache and 
backache [29]. The Authors [29] hypothesized that the 
reduced skin punctures and needle redirections during 
the neuraxial block may decrease the potential for the 
development of micro-hematoma in the back and thus 
lower the incidence of postpartum backache. Also, the 
reduced occurrence of bloody tap and vascular cannula-
tion in the preprocedural ultrasound group was consid-
ered encouraging as they are often associated with the 
development of a spinal hematoma [30].

Our study presents several limitations. Patients were 
of low BMI but are consistent with the population stud-
ied at the authors’ institution. Therefore, our results may 
not apply to the obese population. The inherent nature of 
the study also made it difficult to blind the operator and 
the outcome assessor. The former was because we had to 
ensure that the TEP in both study groups was performed 
by an experienced operator. Therefore, it is not possible to 
completely exclude operator bias. The latter was because 
the nurse assistant had to record procedural data during 
the TEP. However, given that the primary outcome vari-
able, i.e. first-pass success, had a binary response (yes or 
no) we believe blinding may not have affected the final 
results. We had considered video recording the entire 
TEP procedure and had a third party assess the first-pass 
success but felt that the outcome assessor would still 
be unblinded to the technique used, from watching the 
video, and thus may have yielded the same result. We did 
not use any alternative technique (epidurogram, MRI or 
waveform analysis) to confirm correct epidural catheter 
placement but tested for the presence of thoracic sensory 
blockade after the test dose in all patients. Finally, our 
results may not apply to every anaesthesiologist because 
the TEP in Gp-Usg was performed by regional anesthesi-
ologists experienced in USG regional anesthesia. Despite 
some of these limitations, we believe our data are still 
valid but should be interpreted with caution until more 
confirmatory data are available.

Conclusion
In conclusion, our results indicate that real-time ultra-
sound guidance is superior to a conventional anatomic 
landmark-based technique for first-pass success dur-
ing TEP, although this is achieved with the expense of a 
marginally longer total procedure time. Future research 
should evaluate the role of real-time ultrasound guid-
ance for TEP in a more heterogeneous cohort of 
patients and when performed by operators with varying 
levels of experience.

Abbreviations
ASA: American Society of Anesthesiologist; BMI: Body mass index; CI: 
Confidence interval; CSF: Cerebrospinal fluid; Gp-Conv: Conventional group; 



Page 10 of 11Pakpirom et al. BMC Anesthesiology          (2022) 22:198 

Gp-Usg: Real-time ultrasound-guided group; LOR: Loss of resistance; SD: 
Standard deviation; TEA: Thoracic epidural analgesia; TEP: Thoracic epidural 
placement; USG: Ultrasound-guided.

Acknowledgements
Assistance with the study: We would like to thank Dr. Wisarut Srisintorn MD, 
PhD. Department of Family and Preventive Medicine, Prince of Songkla Univer-
sity for helping with the statistical analysis and data presentation.

Authors’ contributions
JP was involved in Conceptualization, Data curation, Formal Analysis, Funding 
Acquisition, Investigation, Methodology, Visualization, Resources, Project 
administration and Writing-original draft preparation. KT was involved in Soft-
ware, Methodology, Funding acquisition, Investigation, Validation, Visualiza-
tion and Writing-Review & Editing. NK was involved in Supervision, Writing-
Review & Editing and Funding acquisition. SP was involved in Data curation, 
Investigation, and Writing-Review & Editing. PB was involved in Investigation, 
Writing-Review & Editing. KN was involved in Investigation, Writing-Review 
& Editing. SB was involved in Investigation, Writing-Review & Editing. MKK 
was involved in Conceptualization, Visualization, Resources, Supervision, and 
writing-review & editing, Submission. The authors have read and approved the 
final manuscript.

Funding
This research work was locally funded by the Department of Anesthesiology, 
Faculty of Medicine, Prince of Songkla University, Hat Yai, Songkhla, Thailand.

Availability of data and materials
Data are available on request from the first author (JP).

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
The EC approval no. REC.62–401-8–1, Approval date 02 Mar 2020, written 
informed consent was required on the day of enrollment.
International Review Board: IRB Contact Information: Human Research Ethics 
committee, Faculty of Medicine, Prince of Songkla University, 15 Karnchana-
vanich Road, Hat Yai, Songkhla 90110 Thailand.
Email: medpsu.ec@gmail.com; Tel: + 66 7445 1157, + 66 7445 1149.

Consent for publication
Not applicable.

Competing of interests
The authors declare that they have no competing interests.

Author details
1 Department of Anesthesiology, Faculty of Medicine, Prince of Songkla 
University, Hat Yai, Songkhla 90110, Thailand. 2 Department of Anaesthesia 
and Intensive Care, Faculty of Medicine, The Chinese University of Hong Kong, 
Prince of Wales Hospital, Shatin, New Territories, Hong Kong, SAR, China. 

Received: 9 February 2022   Accepted: 25 May 2022

References
 1. Guay J. The benefits of adding epidural analgesia to general anesthe-

sia: a meta-analysis. J Anesth. 2006;20:335–40.
 2. Low DE, Allum W, De Manzoni G, Ferri L, Immanuel A, Kuppusamy MK, 

et al. Guidelines for perioperative care in esophagectomy: Enhanced 
recovery after surgery (ERAS) society recommendations. World J Surg. 
2019;43:299–330.

 3. Weiss R, Popping DM. Is epidural analgesia still a viable option for 
enhanced recovery after abdominal surgery. Curr Opin Anaesthesiol. 
2018;31:622–9.

 4. Hermanides J, Hollmann MW, Stevens MF, Lirk P. Failed epidural: Causes 
and management. Br J Anaesth. 2012;109:144–54.

 5. Kim WJ, Kim TH, Shin HY, Kang H, Baek CW, Jung YH, et al. Fluoroscope 
guided epidural needle insertion in midthoracic region: Clinical evalua-
tion of Nagarro’s method. Korean J Anesthesiol. 2012;62:441–7.

 6. Murata H, Sakai T, Goto S, Sumikawa K. Three-dimensional computed 
tomography for difficult thoracic epidural needle placement. Anesth 
Analg. 2008;106:654–8.

 7. Uyl N, Jonge ED, Groot CU, Marel C, Duvekot J. Difficult epidural place-
ment in obese and non-obese pregnant women: a systematic review and 
meta-analysis. Int J Obstet Anesth. 2019;40:52–61.

 8. Kim DH, Lee JH, Sim JH, Jeong W, Lee D, Kwon HM, et al. Real-time 
ultrasound-guided low thoracic epidural catheter placement: Techni-
cal consideration and fluoroscopic evaluation. Reg Anesth Pain Med. 
2021;46:512–7.

 9. Von Hösslin T, Imboden P, Lüthi A, Rozanski MJ, Schnider TW, Filipovic 
M. Adverse events of postoperative thoracic epidural analgesia. Eur J 
Anaesthesiol. 2016;33:708–14.

 10. Mayall MF, Calder I. Spinal cord injury following an attempted thoracic 
epidural. Anaesthesia. 1999;54:990–4.

 11. Zaugg M, Stoehr S, Weder W, Zollinger A. Accidental pleural puncture by 
a thoracic epidural catheter. Anaesthesia. 1998;53:69–71.

 12. Cordone MA, Wu CL, Maceda AL, Richman JM. Unrecognized contralat-
eral intrapleural catheter: Bilateral blockade may obscure detection of 
failed epidural catheterization. Anesth Analg. 2007;104:735–7.

 13. Miura K, Tomiyasu S, Cho S, Sakai T, Sumikawa K. Pneumothorax associ-
ated with epidural anesthesia. J Anesth. 2004;18:138–40.

 14. Chin KJ, Karmakar MK, Peng P. Ultrasonography of the adult thoracic 
and lumbar spine for the central neuraxial blockade. Anesthesiology. 
2011;114:1459–85.

 15. Karmakar MK, Li X, Kwok WH, Ho AM, NganKee WD. Sonoanatomy rel-
evant for ultrasound-guided central neuraxial blocks via the paramedian 
approach in the lumbar region. Br J Radiol. 2012;85:e262–9.

 16. Auyong DB, Hostetter L, Yuan SC, Slee AE, Hanson NA. Evaluation of 
ultrasound-assisted thoracic epidural placement in patients undergo-
ing upper abdominal and thoracic surgery: A randomized, double-blind 
study. Reg Anesth Pain Med. 2017;42:204–9.

 17. Pak DJ, Gulati A. Real-time ultrasound-assisted thoracic epidural place-
ment: A feasibility study of a novel technique. Reg Anesth Pain Med. 
2018;43:613–5.

 18. Grau T, Leipold RW, Delorme S, Martin E, Motsch J. Ultrasound 
imaging of the thoracic epidural space. Reg Anesth Pain Med. 
2002;27:200–6.

 19. Chin KJ, Chan VW, Ramlogan R, Perlas A. Real-time ultrasound-guided 
spinal anaesthesia in patients with a challenging spinal anatomy: Two 
case reports. Acta Anaesthesiol Scand. 2010;54:252–5.

 20. Karmakar MK, Li X, Ho AM, Kwok WH, Chui PT. Real-time ultrasound-
guided paramedian epidural access: Evaluation of a novel in-plane 
technique. Br J Anaesth. 2009;102:845–54.

 21. Perlas A, Chaparro LE, Chin KJ. Lumbar neuraxial ultrasound for spinal and 
epidural anesthesia: A systematic review and meta-analysis. Reg Anesth 
Pain Med. 2016;41:251–60.

 22. Rasoulian A, Lohser J, Najafi M, Rafii-Tari H, Tran D, Kamani A, et al. Utility 
of prepuncture ultrasound for localization of the thoracic epidural space. 
Can J Anaesth. 2011;58:815–23.

 23. Avramescu S, Arzola C, Tharmaratnam U, Chin KJ, Balki M. Sonoanat-
omy of the thoracic spine in adult volunteers. Reg Anesth Pain Med. 
2012;37:349–53.

 24. Hasanin AM, Mokhtar AM, Amin SM, Sayed AA. Preprocedural ultrasound 
examination versus manual palpation for thoracic epidural catheter inser-
tion. Saudi J Anaesth. 2017;11:62–6.

 25. Salman A, Arzola C, Tharmaratnam U, Balki M. Ultrasound imaging of the 
thoracic spine in the paramedian sagittal oblique plane: The correlation 
between estimated and actual depth to the epidural space. Reg Anesth 
Pain Med. 2011;36:542–7.

 26. Ngamjarus C, Chongsuvivatwong V, McNeil E. N4studies; sample size 
calculation for an epidemiological study on a smart device. Siriraj Medical 
Journal. 2016;68:160.

 27. Alagoz A, Sazak H, Tunc M, Ulus F, Kokulu S, Pehlivanoglu P, et al. Teach-
ing practices of thoracic epidural catheterizations in different grades of 
anesthesia residents. Braz J Anesthesiol. 2016;66:1–6.



Page 11 of 11Pakpirom et al. BMC Anesthesiology          (2022) 22:198  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 28. Grau T, Leipol RW, Fatehi S, Martin E, Motsch J. Real-time ultrasonic 
observation of combined spinal-epidural anaesthesia. Eur J Anaesth. 
2004;21:25–31.

 29 Young B, Onwochei D, Desai N. Conventional landmark palpation vs. 
preprocedural ultrasound for neuraxial analgesia and anaesthesia in 
obstetrics – a systematic review and meta-analysis with sequential analy-
ses. Anaesthesia. 2021;76:818–31.

 30. Wulf H. Epidural anaesthesia and spinal haematoma. Can J Anaesth. 
1996;43:1260–71.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Real-time ultrasound-guided versus anatomic landmark-based thoracic epidural placement: a prospective, randomized, superiority trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Introduction
	Methods
	Randomization
	Pre-operative preparation
	Blinding method
	Thoracic epidural placement
	Conventional TEP (Gp-Conv)
	Real-time ultrasound-guided TEP (Gp-Usg)
	Intraoperativepostoperative TEA management
	Outcome measures
	Statistical methodology
	Sample size calculation
	Data analysis


	Results
	Discussion
	Conclusion
	Acknowledgements
	References


