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Abstract

Background: Spread of local anaesthetic solution in the paravertebral space after erector spinae plane block (ESPB) is

variable. We evaluated whether paravertebral spread of local anaesthetic is affected by patient position after ESPB.

Methods:We randomised 84 patients to receive ESPB at T7 with a mixture of 0.375% ropivacaine and radiocontrast dye (30

ml). Participants were positioned supine, prone, or lateral for 30 min after ESPB before computed tomography scanning.

The primary outcome was paravertebral space local anaesthetic spread, with secondary assessments of craniocaudal

spread and distribution to neural foramina, and intercostal and epidural spaces. Loss of sensation to cold was recorded.

Results: Local anaestheticecontrast mix reached the paravertebral space, intercostal space, and neural foramina in

96.5%, 94.2%, and 77.9% of individuals, respectively. Epidural space spread occurred in 20 cases. Prone positioning

consistently allowed paravertebral and intercostal spread in all patients, with more thoracic level spread compared with

supine positioning (5.0 [1.9] vs 3.1 [1.7], difference [95% confidence interval, CI]: 1.9 [0.8e3.0] levels, P<0.001 for para-

vertebral space spread; 2.8 [1.9] vs 1.4 [1.4], difference [95% CI] levels: 1.4 [0.4e2.5], P¼0.004 for neural foramina spread; 4.3

[1.3] vs 3.2 [1.5], difference [95% CI] levels: 1.0 [0.1e1.9], P¼0.019 for intercostal space spread). Local anaestheticecontrast

extended to the intercostal space further in the prone than in the lateral position group (4.3 [1.3] vs 2.6 [1.5] thoracic

levels, difference [95% CI]: 1.7 [0.8e2.6], P<0.001). Sensory block in ventral dermatomes was variable in all participants.

Conclusions: Prone positioning after ESPB significantly enhanced local anaestheticecontrast spread to the paravertebral

space, intercostal space, and neural foramina, suggesting that gravity plays a substantial role in spread.

Clinical trial registration: Clinical Trials.gov (NCT06142630).

Keywords: computed tomography; erector spinae plane block; local anaesthetic spread; patient position; regional

anaesthesia; three-dimensional imaging
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Editor’s key points

� Spread of local anaesthetic solution after erector

spinae plane block (ESPB) is variable.

� The effect of patient position after ESPB on the para-

vertebral spread of a local anaestheticeradiocontrast
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dye mixture was evaluated in patients undergoing

thoracic image-guided needle localisation CT

imaging.

� Injectate reached the paravertebral space and inter-

costal space in more than 90% of individuals, neural
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foramina in 78% of individuals, and epidural space in

24% of individuals.

� Nevertheless, sensory block of the abdominal and

chest wall was highly variable.

� Prone positioning enhanced injectate spread to the

paravertebral space, intercostal space, and neural

foramen, consistent with a role for gravity in local

anaesthetic spread.
Erector spinae plane block (ESPB)1 is an interfascial block

technique, with local anaesthetic injected between the erector

spinae muscle and transverse process. The injected local

anaesthetic can spread across the intertransverse connective

tissue complex into the paravertebral space and then poten-

tially into the epidural space anaesthetising the ventral

branches of thoracic spinal nerves and the sympathetic nerve

chain.2e5 Nevertheless, anterior spread of local anaesthetic for

ESPB in anatomical and clinical studies is variable.6,7

The ESPB is of interest because of its potential effects on the

ventral branches of the spinal nerves. A study conducted on

cadaveric specimens revealed that staining reached the par-

avertebral space in only one instance, affecting the ventral

branches of the spinal nerves.8 However, another cadaveric

study found that the ventral branches were stainable, sug-

gesting that dye could reach the paravertebral space, high-

lighting inconsistencies in spread.9 Inconsistency of local

anaesthetic spread to the paravertebral space was also seen in

clinical imaging studies. Some studies have shown consistent

spread of local anaesthetic into the paravertebral, intercostal,

and even epidural spaces, offering positive evidence for the

block of the ventral branches of the spinal nerves.10,11 In

contrast, other imaging studies showed limited extension to

the paravertebral space.12,13

The clinical analgesic effects of ESPB are also debated.14

Some studies have reported that ESPB does not reduce peri-

operative opioid consumption in cardiac surgery, casting

doubt on its efficacy,15,16 whereas other studies have shown

that ESPB analgesic effects are comparable to, or even superior

to, those of paravertebral block.17,18 The presence of varying

outcomes in these high-quality trials has sown seeds of doubt

regarding the clinical efficacy of ESPB. Thus, increasing the

stability of anterior spread of local anaesthetic and analgesic

efficacy has become an important issue for ESPB. Various

methods have been adopted to improve the reliability of ESPB,

including alteration of the injection point to midway between

transverse processes,19 the costotransverse foramen20 or

midway between the tip of the transverse process, the lamina

of the vertebra,21 or a combination of ESPB with retrolaminar

block,22,23 but with varying degrees of success.

In thoracic surgery, ESPB is administered either before or

after operation, with patients positioned laterally during sur-

gery or supine after surgery. Studies18,24,25 have reported that

when patients were maintained laterally after ESPB, analgesic

effects were comparable to those of paravertebral block or

epidural analgesia. Meanwhile, performing the ESPB after

operation with patients supine did not reduce opioid con-

sumption.15,16 The divergent outcomes of these studies led us

to consider the role of patient positioning in the efficacy of

ESPB. We speculated that the differences in spread exerted by

gravity based on patient position in ESPB might be a contrib-

uting factor to observed variations in local anaesthetic spread

and analgesic efficacy. We hypothesised that patients
maintaining different positions after ESPB would influence

local anaesthetic spread. This trial was performed to investi-

gate whether paravertebral space spread of local anaesthetic

was enhanced in patients maintaining prone or lateral posi-

tions after ESPB.
Methods

This was a single-centre, randomised, prospective trial con-

ducted at Nanjing First Hospital. The trial was approved by the

ethics committee of Nanjing First Hospital on September 15,

2023 (KY20230915-04) and prospectively registered at Clinical

Trials.gov (NCT06142630, registration date: November 21,

2023) before patient enrolment.Written informed consent was

obtained from all subjects before commencement of the trial.
Participants and randomisation

We recruited patients aged 18e80 yr and ASA physical status 1

or 2, receiving CT-guided percutaneous localisation of pul-

monary nodules under local anaesthesia before surgery.

Exclusion criteria were: (1) allergy to local anaesthetic, (2)

history of opioid abuse, (3) infection at the puncture site, (4)

peripheral neuropathy, (5) coagulation disorder or continuous

use of anticoagulants before surgery, or (6) dementia, language

barrier, or neuropsychiatric disorder.

We used SPSS 22.0 software (IBM, Armonk, NY, USA) to

establish a 1:1:1 allocation ratio for our study participants. The

allocations were securely sealed within sequentially

numbered, opaque envelopes by a dedicated study coordi-

nator. These envelopes were only opened immediately before

the intervention. Two senior anaesthesiologists not involved

in the trial were responsible for assigning patients to either the

supine, lateral, or prone position groups after ESPB.
Intervention

Two specialised anaesthesiologists (TS, XDZ) blinded to group

allocation performed ultrasound-guided ESPB in the ward. We

placed participants in the prone position and used a high-

frequency ultrasonic linear transducer (5e13 MHz; Sonosite,

Bothel, WA, USA). After skin preparation, we placed the

transducer 2.5e3 cm lateral to the spinous process in a para-

sagittal plane at the seventh thoracic vertebra (T7). The tip of

the transverse process was identified by distinguishing the

contour of rib and transverse process under ultrasound. We

used 2% lidocaine (2 ml) to numb the skin. Then, a short-

bevelled, 22-G 80-mm nerve block needle (Stimuplex D; B.

Braun, Melsungen, Germany) was used and advanced with in-

plane technique from cranial to caudal. The correct needle

position was assured by injecting 1 ml of saline resulting in

hydro-dissection of the plane, followed by injecting a mixture

of 0.375% ropivacaine and iomeprol contrast agent 30 ml

(0.75% ropivacaine 15 ml, EE2403; Xianju Pharmaceutical Co.,

Ltd, Taizhou, Zhejiang, China; and iomeprol 15 ml, 0.3 g ml�1,

KP3555A; Patheon Italia S.P.A., Monza, Italy). We administered

the local anaesthetic solution quickly over 30 s. After the in-

jection, participants were maintained in their assigned posi-

tion, supine, lateral, or prone, for 30min. Patients in the lateral

group maintained the operation side up. We placed a pillow

beneath the upper abdomen to keep participants comfortable

in the prone position group. During the procedure, SpO2 and

noninvasive blood pressure were monitored.

http://Trials.gov
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Outcomes

Assessment of sensory block

Cold sensation was assessed with ice 30 min after ESPB and

compared with the contralateral area by the same anaes-

thesiologist. If participants received bilateral ESPB, the inner

upper arm was considered as contrast area of cold sensation

assessment. We followed studies to segment skin innervated

by dermatomes of thoracic 2e12 and lumbar 1 into 29 re-

gions.17,26 The dermatomal sensation loss to cold of the ipsi-

lateral thoracoabdominal wall was assessed at the

midclavicular line, anterior-axillary line, midaxillary line,

posterior-axillary line, and interscapular midline. Sensation

was graded as 0 (no sensation), 1 (decreased sensation), or 2

(normal). A sensory block of the dermatome was considered if

the grade was either 0 or 1.
CT imaging study

Participants walked to the radiology department where a CT

scan of the thoracic region, partially extended to the lower

neck and upper abdomen, was performed immediately after a

sensation test. The thickness of image slices was set to 2 mm.

Three-dimensional digital reconstruction of the local

anaestheticecontrast solution distribution was obtained.
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Fig 1. Study flow diagram of patient recruitment. ESPB, erector spinae
Spread of the injectate was evaluated and interpreted by the

same blinded radiologist. Patients were transferred back to the

ward using awheelchair after pulmonary nodules localisation.

The primary outcome was local anaestheticecontrast

injectate spread to the paravertebral space. Secondary out-

comeswere: (1) spread to the neural foramina, (2) craniocaudal

spread, (3) spread to the epidural space, and (4) spread to the

intercostal space.
Statistical analysis

Determination of sample size was based on the thoracic level

of contrast spread to the paravertebral space. Utilising PASS

11.0 software (NCSS, Kaysville, USA), we calculated the sample

size according to our preliminary results. The mean thoracic

level of paravertebral space spread was 2.7, 4.7, and 4.7 level,

with common standard deviation (SD) of 2.6 for the supine,

lateral, and prone groups, respectively. The calculated sample

size was 25 participants in each group, with a power of 80%

and an alpha error of 5%. The total required recruitment was

84 participants, accounting for a dropout of 10%.

All statistical analyses were performed using R packages

version 4.2.1 (R Foundation for Statistical Computing, Vienna,

Austria). P-values were two-sided, and P<0.025 was considered

statistically significant. Qualitative data were described using
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n (%), mean (SD) or median (25e75% range). For quantitative

variables, we used analysis of variance, Tukey’s honest sig-

nificant difference test, and KruskaleWallis rank sum test

method for multiple comparisons. For categorical variables,

we used the c2 test or Fisher’s exact test to compare between

different groups. We conducted an analysis to determine the

Spearman’s correlation coefficient, which quantifies the linear

relationship between the extent of contrast spread in the

paravertebral and intercostal spaces and craniocaudal spread.
Results

We allocated 84 participants to receive an ESPB. One partici-

pant each did not receive ESPB in the prone and supine groups

for a total of 82 receiving an ESPB. In the lateral position group,

one participant received a CT scan 2.5 h after ESPB, and was

thus excluded from analysis. Three participants in the prone

group and two participants in the supine group received

bilateral ESPB for bilateral pulmonary nodule positioning. One

participant in the lateral position group received bilateral

ESPB. We only included the upper side for analysis to keep

consistent. Finally, 81 participants completed the trial and 86

ESPBs were obtained and analysed (Fig. 1 and Table 1).
Sensation assessment

Sensation levels to cold were variable in the different position

groups (Fig. 2).
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Fig 2. Sensory loss to cold in the three position groups. The intensity

signifies a higher likelihood of successful sensory loss.

Table 1 Participant characteristics. Values are mean (SD) or
number, except age which is presented as range.

Supine
position

Lateral
position

Prone
position

P
value

Sex (male/
female)

9/18 8/19 9/18 0.944

Age (yr) 60.0 (28e77) 57.2 (39e72) 60.6 (24e78) 0.517
Height (cm) 161.9 (7.3) 162.0 (6.8) 162.9 (7.9) 0.859
Weight (kg) 63.8 (10.7) 65.1 (9.2) 61.5 (12.0) 0.470
BMI (kg m�2) 24.3 (3.5) 24.7 (2.7) 23.0 (3.0) 0.105
Left/right
side

15/14 18/9 12/18 0.131
Radiological assessment of injectate spread by CT

After CT scan, three-dimensional reconstruction was obtained

(Fig. 3). The injectate spread consistently in the craniocaudal

thoracic level. The local anaestheticecontrast mixture

extended to the paravertebral space, intercostal space, and

neural foramina (Table 2, Supplementary Fig. S1).
Radiological assessment of injectate spread by CT in
different position groups

There were no significant differences in the incidence of

contrast spread among the three groups. Prone positioning

consistently allowed paravertebral and intercostal spread in

all cases, with more thoracic level spread compared with su-

pine positioning. Injectate extended further into the inter-

costal space in the prone position than in the supine and

lateral position groups (Fig. 4, Table 2; Supplementary

Table S1).
Correlation analysis

No significant positive correlation was observed between the

extent of contrast spread in the paravertebral and intercostal

spaces and craniocaudal spread between the different position

groups (Supplementary Table S2).
Discussion

We evaluated the spread of local anaestheticecontrast injec-

tate using CT scanning in participants maintained in the su-

pine, lateral, or prone position for 30 min after ESPB. The

injectate spread to the paravertebral and intercostal spaces in

over 90% participants after ESPB. The local anaesthetic spread

consistently to the paravertebral and intercostal space with

more thoracic levels in the prone position group than in the

supine position group. Nevertheless, loss of sensation in the

anterior and lateral abdominal and chest wall was highly

variable.

The anterior extent of injection after ESPB is variable.

Anatomical studies exploring the spread of injectate show

conflicting results.4,9,27 Muscle contraction and negative

pressure during respiration might contribute to the spread of

local anaesthetic to the paravertebral space.2 Thus, perform-

ing ESPB after tracheal intubation might attenuate spread. We

performed ESPB while maintaining spontaneous respiration,
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Table 2 Incidence (upper rows) and thoracic levels of local anaestheticecontrast injectate spread (lower rows) in the three position
groups. Values are n (%) of cases and mean (SD). CI, confidence interval. Compared with supine position group, *P<0.025, yP<0.025,
zP<0.001.

Local
anaesthetic
econtrast
spread

Supine
position
(n¼29)

Lateral
position
(n¼27)

Prone
position
(n¼30)

All
positions
(n¼86)

Supine vs
lateral

Supine vs
prone

Lateral vs
prone

P value

Difference (95% CI)

Paravertebral space 27 (93.1%) 26 (96.3%) 30 (100%) 83 (96.5%) 0.981
3.1 (1.7) 4.3 (1.5) 5.0 (1.9)* 4.1 (1.9) 1.2 (0.1e2.3) 1.9 (0.8e3.0)b 0.7 (e0.4e1.8) <0.001

Neural foramina 20 (70.0%) 20 (74.1%) 27 (90.0%) 67 (77.9%) 0.778
1.4 (1.4) 1.9 (1.6) 2.8 (1.9)* 2.1 (1.7) 0.5 (e0.5e1.6) 1.4 (0.4e2.5) 0.9 (e0.1e2.0) 0.005

Craniocaudal level 29 (100%) 27 (100%) 30 (100%) 86 (100%) 1
10.5 (2.4) 10.6 (2.1) 10.3 (1.9) 10.4 (2.1) 0.1 (e1.3e1.5) 0.1 (e1.3e1.4)y 0.2 (e1.2e1.6) 0.927

Epidural space 4 (13.8%) 5 (18.5%) 11 (36.7%) 20 (23.3%) 0.234
0.4 (1.2) 0.3 (0.7) 0.7 (1.1) 0.5 (1.0) 0.1 (e0.5e0.8) 0.3 (e0.4e0.9) 0.4 (e0.3e1.0) 0.423

Intercostal space 28 (96.6%) 23 (85.2%) 30 (100%) 81 (94.2%) 0.910
3.2 (1.5) 2.6 (1.5) 4.3 (1.3)* 3.4 (1.6) 0.7 (e0.3e1.6) 1.0 (0.1e1.9)y 1.7 (0.8e2.6)z <0.001

a

b d f

ec

Fig 3. Ultrasound and CT image of contrast spread of erector spinae plane block (ESPB). (a) Ultrasound-guided ESPB. ESM, erector spinae

muscle; LA, local anaesthetic; TP, transverse process. White arrows indicate the needle. (b) Three-dimensional reconstruction by CT

(posteroanterior view) of the craniocaudal spread of local anaestheticecontrast mixture. (c) Axial CT image at the T7 level. The injectate

enhanced by iomeprol is seen spreading to the intercostal space (white, line arrows). The paravertebral space (white, bold arrow), neural

foramen (arrowhead), and erector spinae muscle (black asterisks) are also shown. Epidural spread of the injectate is indicated by the black,

line arrow. (d) Sagittal CT image. Epidural spread of the injectate is indicated by the line arrows. (e) Axial CT image at the T8 level. The

injectate enhanced by iomeprol is seen spreading to the intercostal space (white, line arrows). The paravertebral space (white, bold arrow),

neural foramen (black arrowhead), and erector spinae muscle (black asterisks) are also shown. The ipsilateral epidural spread of the

injectate is indicated by the black, line arrow. Contralateral neural foramen and epidural spread of the contrast is indicated by the black,

bold arrow. (f) Axial CT image at the T5 level. The injectate enhanced by iomeprol is seen spreading to the erector spinae muscle (black

asterisks). Contralateral spread of the contrast to the erector spinae muscle is indicated by black, line arrows.
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which showed local anaesthetic spread to the paravertebral

and intercostal spaces in most cases. Nevertheless, previous

imaging studies showed different results. A CT imaging study

revealed that 30% and 40% of cases showed spread to para-

vertebral and intercostal spaces, respectively.12 In another CT

imaging study,13 the drug reached the paravertebral (20%) and
intercostal (30%) spaces in very few segments. Paravertebral

space spread was also seen in two case reports involving

chronic pain management.28,29 In our trial, the paravertebral

and intercostal space spread was observed in all cases in the

prone position group. Notably, the extent of thoracic level

spread to the paravertebral space, intercostal space, and
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Fig 4. Local anaestheticecontrast spread in different position groups.
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neural foramina was also enhanced. We speculate that this

might be attributed to the effect of gravity. When participants

are placed in the prone position, gravity might promote the

local anaestheticecontrast to extend to the paravertebral

space, whereas in the supine position gravity is a counter-

acting force keeping local anaesthetic from spreading to the

paravertebral space. Our trial corresponds with many of the

MRI findings in ESPB,10,11 which showed spread of local

anaestheticecontrast to the paravertebral space, opposite to

many CT imaging studies.12,13,30

A previous study revealed that the costotransverse fora-

men was the initial anterior pathway of local anaesthetic

spread.31 Micro-CT imaging has also demonstrated slits in the

paravertebral region allowing communication between the

retrosuperior costotransverse ligament space and the thoracic

paravertebral, intervertebral, costotransverse, and erector

spinae spaces.5 Based on the present anatomical findings,

multiple factors might influence the spread of local anaes-

thetic in ESPB including the injection site, volume used,32

speed of injection, block needle23,33 and use of a combination

technique.22

Injection speed could significantly influence the distribu-

tion of local anaesthetic within an interfascial plane block. If

the pressure is too high, it might disrupt the fascial layers,

leading to leakback and intramuscular dispersion. Conversely,

injection pressure that is too low might fail to overcome

resistance of the fascia to hydro-dissection, thereby limiting

spread of the local anaesthetic and potentially reducing effi-

cacy of the block. With higher injection speed, anterior spread

of local anaesthetic after ESPB might be enhanced. In a pre-

vious anatomical study, 20 ml injected during a standardised

period of 2 min on each side of cadavers9 showed poor spread

to the paravertebral region after ESPB. We previously evalu-

ated the effect of three injection speeds (20, 30, or 40mlmin�1)

on postoperative pain. The results showed reduced pain score

with higher injection speed. Thus, we delivered a high injec-

tion speed to attempt to promote local anaesthetic spread. Our

results showed optimal spread of local anaesthetic to the

paravertebral and intercostal spaces. Thus, low injection

speed could be a reason for the poor anterior spread in previ-

ous studies.

The increased volume of local anaesthetic and contrast

medium usedmight be a possible reason for optimal spread in

our trial. There is no consensus regarding recommendations

for injectate volume, and how volume is related to injectate

spread.8 A volume of 20ml is frequently used in both anatomic

studies and clinical settings, but the level of spread and sub-

sequent analgesic impact can be variable.6,9,12 Therefore,

additional evidence is needed to clarify how injectate volume

influences spread of local anaesthetic, particularly with large

volumes (�30 ml). However, increased volume might

contribute to local anaesthetic spread34 and analgesic efficacy

of ESPB.32 We used a volume of 30 ml in our trial, consistent

with two MRI studies that used 30 ml or 35 ml and showed

consistent spread to the paravertebral space.10,11 Previous

studies used a volume of 20 ml, which showed suboptimal

anterior spread.20,21 However, an increase in the volume of

local anaesthetic to 40 ml with CT assessment enhanced the

paravertebral and epidural space spread.20 Despite the volume

of local anaesthetic used, the contrast volume was still 5 ml of

Omnipaque. Although only 2 ml of iohexol was used by Chen

and colleagues,13 they showed suboptimal paravertebral space

spread. The amount of contrast used might influence the

recognition of paravertebral spread. Preliminary testing
revealed difficulty in discerning paravertebral structures from

the contrast owing to their similar grey scale on CT imag-

ing.12,13 Consequently, we increased iomeprol concentration

to enhance contrast recognition. However, this augmentation

might increase the viscosity of the local anaestheticecontrast

mixture, potentially attenuating spread through the connec-

tive tissue to the paravertebral space.

We found inconsistent loss of sensation to cold in the

lateral and anterior chest wall unlike other classic nerve block

techniques. Our findings were consistent with many previous

studies,7,35 whereas other studies show consistent loss of

sensation on the anterior or lateral chest wall in all sub-

jects.10,36 The discrepancy between clinical analgesia and

cutaneous sensory block could be the result of differential

nerve block.37,38 In particular, when intact nerves are exposed

to low concentrations of local anaesthetic, C nerve fibres are

preferentially blocked compared with Ad nerve fibres. There-

fore, the change in sensation might not be detected by com-

mon sensory testing, which in turn might underestimate the

clinical analgesic effect.39,40 However, the proposed differen-

tial block after ESPB might be unlikely, has never been

demonstrated, and thus lacks sufficient evidence.41,42

Although ESPB failed to exhibit many of the classic charac-

teristics of a peripheral nerve block with its mismatch of

sensory block and clinical analgesia. Our results provide new

evidence that local anaesthetic can spread into the para-

vertebral and intercostal spaces in ESPB. The expected spread

to paravertebral or intercostal spaces and sensory loss can be

enhanced in the prone or lateral positions.

Our trial has several limitations. Firstly, we performed CT

imaging 30 min after ESPB, a prolonged time interval with

unknown effect on the anterior spread of local anaesthetic.

Meanwhile, we did not assess patient comfort scale while

maintaining positions for 30 min. Secondly, we did not eval-

uate the influence of different positions after ESPB on hae-

modynamic changes. Thirdly, we failed to compare the

analgesic effect of ESPB post-procedure owing to the uncon-

trollable time interval from ESPB to the beginning of operation.

Finally, our sample size was not large enough to detect sta-

tistical significance between the difference in contrast spread

in the prone and lateral positions. To substantiate the

robustness of our findings, future research ought to address

the limitations of our trial to broaden applicability of our

results.
Conclusions

In summary, local anaestheticecontrast injectate spread to

the paravertebral space, neural foramina, and intercostal

space was common but variable after ESPB. Prone positioning

after ESPB block contributed to spread to the paravertebral and

intercostal spaces and neural foramina. Nevertheless, sensory

block of the anterior and lateral abdominal and chest wall was

highly variable. This provides new insights to improve the

stability of anterior spread of local anaesthetic in ESPB.
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