
Background: Erector spinae plane (ESP) block is an effective regional analgesic technique for 
thoracic and abdominal pain. The volume of local anesthetic (LA) needed to produce sensory 
block in the spinal segment is unknown.

Objectives: The aim of the present study was to examine the extent of dermatomal spread 
following ultrasound-guided administration of ESP block, with a fixed-volume dose of a LA at 
the midthoracic area for analgesia in acute thoracic pain patients. Secondary objectives were 
postprocedure analgesia and patient satisfaction.

Study Design: This research used a prospective unicentric exploratory cohort design. 

Setting: The study was conducted at an academic university hospital. 

Methods: A total of 18 patients with acute severe chest pain including rib fractures, thoracic 
postoperative rescue analgesia, zoster herpetic neuritis, and myofascial pain syndrome received 
ESP block under ultrasound guidance at the T5-T7 levels. Twenty mL of 0.5% plain bupivacaine 
was injected. Evaluation of the sensory block was carried out 60 minutes following the 
completion of the ESP block via a change in sensation to pinprick and cold methods. The Visual 
Analog Scale (VAS) for pain was recorded one hour after the procedure. Patient satisfaction 
was reported using a 4-point Likert scale. This study was registered with the clinicaltrials.gov 
database (identifier: NCT03831581).

Results: Sixteen patients had a successful ESP block; 2 patients were excluded for a failed 
block. The mean dermatomal spread was 9 (range, 8-11). VAS scores improved by at least 50% 
from baseline (P < .05), one hour after the ESP block. The degree of satisfaction reported by all 
patients on the Likert scale was 4 points. No major complications were observed.

Limitations: This study was limited by its sample size.

Conclusions: An ultrasound-guided ESP block with a single injection at the midthoracic level 
with 20 mL of 0.5% plain bupivacaine provides a mean dermatomal spread of 9 dermatomes 
(range, 8-11) with a high rate of analgesic efficacy and low incidence of adverse effects. 
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The erector spinae plane (ESP) block was 
first described in 2016 by Forero et al as an 
interfascial block for the treatment of chest pain 

(1). Following its initial publication, the ESP block has 
been performed in patients with acute postoperative 
pain, chronic pain, and moreover, as a rescue technique 

for managing severe, uncontrolled pain, especially in 
the thoracic and abdominal cavity (2-4). The ESP block 
allows the insertion of a catheter for the continuous 
administration of the local anesthetic (LA) to prolong 
the analgesic effect (5).

The original description of the ESP block technique 
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data was collected. The ESP block was performed by 2 
anesthesiologists with expertise in regional anesthe-
sia from the pain service of the Hospital San Vicente 
Fundación in Medellin, Colombia. The patient received 
standard monitoring (pulse oximetry, blood pressure, 
electrocardiogram) and intravenous access. Sedation 
was achieved with a titrated dose of fentanyl and mid-
azolam to keep the patient comfortable.

The block was performed based on the original de-
scription by Forero et al (1). The patient was positioned 
in either sitting or lateral decubitus position. Maintain-
ing strict sterility, a high-frequency linear transducer 
(Philips CX30 ultrasound system, Netherlands) was 
placed in the parasagittal plane to identify the trans-
verse process of the midthoracic spine (T5-T7) based on 
the dermatome of the area experiencing pain. Follow-
ing infiltration of 3 mL of 2% lidocaine into the skin, 
an 18-gauge (G) Tuohy needle was inserted in-plane 
from the cranial-to-caudal direction until it reached the 
tip of the transverse process, deep inside the erector 
muscles. After hydrolocation to confirm the spread of 
the injectate in the interfascial plane, 20 mL of 0.5% 
bupivacaine was injected. 

Assessment
Dermatomal spread was assessed with pinprick and 

cold methods, using the sharp end of a wooden stick 
and ice cubes, respectively, by an independent observer 
over different dermatomes along the midclavicular line, 
60 minutes after the administration of the ESP block. 
The contralateral side was also evaluated for sensory 
changes. A successful blockade was defined as a de-
crease in sensation to both temperature and touch. On 
the contrary, a failed block was defined as the absence 
of demonstrable sensory block 20 minutes after the 
procedure was performed. The VAS score was recorded 
at 60 minutes after the block. The degree of satisfac-
tion of the patients was measured with a 4-point Likert 
scale (1, dissatisfied; 2, slightly dissatisfied; 3, slightly 
satisfied; 4, satisfied). Possible adverse events associ-
ated with the ESP block (hypotension, pneumothorax, 
neurological deficit, and bradycardia) were recorded.

Statistical Analyses 
The variables were summarized as means (standard 

deviations) for continuous variables and frequencies 
(percentages) for categorical variables. Results are re-
ported in tables and charts. Normality of the variables 
was assessed by the Shapiro-Wilk test and homogeneity 
of the variables (homoscedasticity) was assessed using 

involves obtaining a view of the tip of the transverse 
process with a parasagittal view on ultrasound. The 
needle is then inserted in-plane, in a cranial-to-caudal 
direction, into the interfascial plane between the erec-
tor spinae muscle and the tip of the transverse process 
(1).

Cadaveric studies examining the spread of the 
LA with methylene blue and computed tomography 
showed its distribution along the interfascial plane, 
preferentially in the caudal direction (1). Other imag-
ing studies showed distribution in both the cephalic 
and caudal directions (6). It is believed that the extent 
of spread of the LA in live patients may be greater than 
that reported in cadaveric models. A recent review 
found that sensory block was objectively evaluated 
only in 34.7% of reported patients receiving ESP block 
(7). Because of the heterogeneity in the technique and 
volume of anesthetic administered, the extent of the 
spread is unclear in published studies.

Understanding the pattern and extent of injectate 
spread, clinically, in terms of sensory blockade, is impor-
tant for safe clinical practice. The objective of this study 
was to examine the extent of dermatomal blockade 
following a standardized, ultrasound-guided injection 
of ESP block, a fixed-volume dose (20 mL of 0.5% plain 
bupivacaine), injected in the midthoracic area. 

Methods

Eighteen patients who received ESP block from 
April 2018 to November 2018 at the Hospital San Vicente 
Fundación in Medellin, Colombia were included in this 
prospective exploratory study. The study protocol was 
approved by the institutional medical ethics committee. 
Informed consent was obtained from all patients.

Study Population
The patients included in the study were older than 

18 years of age, presenting with thoracic pain due to 
various etiologies (acute multiple rib fractures, thoracic 
herpetic neuritis, rescue of postoperative chest pain, 
and myofascial syndrome) and with clinical indication 
for an ESP block as part of a multimodal analgesic strat-
egy. Exclusion criteria were infection at the puncture 
site, sepsis, hemodynamic instability, refusal of the pro-
cedure, or pregnancy.

ESP Block Technique
Prior to the procedure, the patients completed a 

Visual Analog Scale (VAS) for the assessment of pain 
(scores ranging between 0-10) and their demographic 
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the Levene test. The mean is reported with its respective 
standard deviation and the median with its respective in-
terquartile interval (quartile 3 [Q3] minus quartile 1 [Q1]). 
In addition, as an exploratory objective, a nonparametric 
repeated measures analysis of variance was performed at 
baseline VAS and at 60 minutes post blockade. All data 
were collected in Microsoft Excel® and analyzed with 
SPSS Version 24 (IBM Corporation, Armonk, NY). The type 
I error (alpha) was 5% for all tests, and therefore, P < .05 
was considered statistically significant.

Results

Eighteen patients received an ESP block. Two pa-
tients were excluded from the analysis of dermatome 
spread due to absence of pain relief and sensory 
blockade and required rescue analgesia with another 
technique (epidural). Sixteen cases were included in the 
analysis for dermatomal spread (Table 1): 10 women 
(62.5%) and 6 men (37.5%). 

The mean age was 47 ± 12 years, and the diagnoses 
included anterior, lateral, and/or posterior rib fractures 

(50%); herpetic neuritis in the entire extension of 
the right T6 dermatome (6.25%); thoracic myofascial 
syndrome (31.25%); postoperative flap of the pectoral 
muscle (6.25%); and thoracostomy (6.25%) (Tables 1 
and 2).

The mean dermatomal spread was 9.0 (range, 
8-11), within the 25th percentile of 8.25 and 75th 
percentile of 10 (Table 2). None of the patients had a 
bilateral sensory block. Exploratory data examining the 
range in volume of LA required to block one derma-
tome showed a range of 1.81 to 2.5 mL (mean, 2.2 mL). 

Table 1. Demographic variables.

Variables Value (%)

Women 10 (62.5)

Men 6 (37.5)

Age, mean (SD), yrs 47 (12)

Height, mean (SD), cm 164 (9)

Weight, mean (SD), kg 64.5 (11.2)

Median baseline VAS score 8 
Abbreviations: SD, Standard Deviation; VAS, Visual Analog Scale 

Table 2. Number of  blocked dermatomes measured with pinprick and cold temperature.

Diagnosis
Puncture

Level

Decrease in 
Sensitivity at the 

Midclavicular Line

# Blocked 
Dermatomes

Multiple rib fractures (posterior fractures of the 3rd, 6th, 7th, 8th and 9th; laterals of 
the 2nd, 4th and 5th costal arch) T5 T2-T10 9

Multiple rib fractures (posterolateral fractures of the 3rd to 8th costal arch) T5 T1-T10 10

Thoracic herpetic neuritis T6 T2-T11 10

Postoperative thoracostomy pain T5 C8-T10 11

Postoperative flap of pectoral muscle pain T5 T1-T8 8

Multiple rib fractures (anterior fractures of the 4th to 5th costal arch) and scapula T5 T1-T8 8

Multiple rib fractures (lateral fractures of the 7th to 9th costal arch) – vertebral 
fractures T5 T2-T10 9

Multiple rib fractures (lateral fractures of the 7th to 9th costal arch) – vertebral 
fractures T5 T2-T10 9

Myofascial syndrome T5 T1-T11 11

Myofascial syndrome T5 C8-T7 8

Multiple rib fractures (anterior costochondral fractures of 3°, anterior costochondral 
and lateral fractures of 4° and 5°, lateral of 7° and posterior of 10° costal arch) T5 T1-T9 9

Multiple rib fractures (anterior fractures from 1st to 9th and posterior from 6th to 8th) 
and spinous processes from T5 to T8 T7 T1-T10 10

Myofascial syndrome T5 T1-T9 9

Myofascial syndrome T5 T1-T8 8

Multiple rib fractures (posterolateral fractures of the 3rd, anterolateral and 
posterolateral of the 4th, posterolateral and anterior of the 5th, posterolateral of the 6th 
and 7th costal arch) and scapula

T5 T1-T9 9

Myofascial syndrome T5 C8-T8 9
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We observed a mean of 4 dermatomes (range, 3-6) in the cranial direction 
and 6 dermatomes (range, 2-6) in the caudal direction (Fig. 1). 

In 16 patients, the blockade was performed at the T5 level, and at 
the T6 and T7 levels in one patient each, corresponding to the level of 
the referred pain area. In the 16 cases of successful ESP blocking, the VAS 
score improved by at least 50% from baseline (P < .05) one hour after 
the ESP block (Fig. 2). Our success rate was 88%. The degree of satisfac-
tion reported by all patients on the Likert scale was 4 points. No major 
complications were noted.

discussion

This study shows that the ESP block produces an extensive somatic 
block, with a mean number of dermatomal involvements of 9 (range, 
8-11) after a single injection of 20 mL of 0.5% bupivacaine. 

This finding is similar to some previous case reports published on ESP 
block, in which dermatomal spread was reported after injection of a fixed 
20 mL of bupivacaine (1,8,9). 

ESP block is an evolving technique because the actual pattern of dis-
tribution of LA is still under investigation. We are not aware of any previ-
ous study evaluating the extent of dermatomal spread of the ESP block 
in a prospective manner, when using a fixed-volume dose of LA. In this 
exploratory study, important variables were controlled in all 18 cases, such 
as constant concentration, volume of the LA injected, level of puncture, 
experience of the anesthesiologist, and direction of needle bevel.

To assess the dispersion of the LA and understand its mechanism of 
action, studies on anatomical dissections and cadaveric tomographic im-
ages have been carried out, including imaging the dispersion of the LA 

in live humans (10-13). The analgesic 
mechanism proposed for the ESP 
block is the axonal block of the dor-
sal and ventral branches of the spinal 
thoracic roots and the sympathetic 
nerve fibers by diffusion of the LA to 
the paravertebral space in the der-
matomes corresponding to the site 
of pain (1,14,15). Anatomical stud-
ies have shown foraminal and epi-
dural dispersion (1,16), occasionally 
reaching the epidural contralateral 
space from the injection site (17). In 
other studies, the injectate does not 
manage to enter the paravertebral 
space, although it reaches the ven-
tral branch (12). Other investigations 
have reported preferable spread to 
the dorsal branch (1).

Our study included several 
cases in which the pain was medi-
ated by the anterior branch of the 
spinal nerve, such as the 8 cases of 
anterior rib fractures and one case 
of acute thoracic herpetic neuritis 
with anterior involvement of the 
chest (Table 2). We observed a large 
anterior decrease in pain and satis-
factory analgesia in this group of 
patients, confirming that the LA had 
spread to the anterior branches of 
the ventral rami when performing a 
midthoracic ESP block. The blockade 
of the anterior branch of the spinal 
nerve observed in our study may be 
the result of the relatively high dose 
of anesthetic (0.5% bupivacaine) 
injected. In a previous case report by 
Elkondi et al, a 15-mL fixed bolus of 
bupivacaine 0.5% was administered 
with an ESP block with a relative 
volume/dermatomal spread compa-
rable to that of our results (18).

There are more conventional 
techniques such as epidural or para-
vertebral blocks (PVB) used in tho-
racic analgesia, where a dermatomal 
distribution of the sensory block 
has been studied, finding different 

Fig. 1. Distribution of  blocked dermatomes in the ESP block and correlation with 
the puncture site.
Abbreviations: ESP, erector spinae plane
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patterns of dispersion and the number of dermatomes 
with sensitive alteration (19,20). Regarding ultrasound-
guided PVB in several studies with volunteers and pa-
tients, a volume of 20 mL of LA was administered at 
anesthetic concentrations, with observations of objec-
tive sensory block by pinprick and/or cold assessed from 
4 to 6 dermatomes, with an average of 5 dermatomes. 
However, Marhofer et al described a more extensive 
dermatomal spread for PVB in volunteers with 20 mL of 
1% mepivacaine at the T6 level, with a median number 
of 9.8 dermatomes affected, a value comparable to our 
ESP study results (21). This variable dermatomal involve-
ment described may also be the result of dose, i.e., con-
centration and type of LA injected. We found in our ESP 
study a slight downward trend to dispersion, probably 
associated with the cranial-to-caudal direction of the 
needle within an interfascial plane.

Previously published cases of objective measure-
ment of sensory blockade after ESP block with pinprick 
and/or cold show variable results with respect to the 
volume necessary to block each dermatome (range of 
1.66-6 mL) (Appendix 1). In our study, an exploratory 
analysis of data examining the volume of LA required 
per dermatome was in the range of 1.81-2.5 mL (mean 
2.2 mL). Cassai et al (8) posed the same question and, 
following a review of different studies, found that 3.4 
mL (range, 2.5-6.6 mL) of the anesthetic was required 
to block a dermatome. Our exploratory calculation 
of volume needed per dermatome is lower than that 
reported by this author and may be explained by the 
higher concentration used in our study, 0.5% bupiva-
caine compared with the one described in the previous 
case series, i.e., 0.35% or lower. However, in the Cas-
sai et al (8) study, a volume/dermatome relation was 
suspected (or thought) to be a result of grouping case 
reports with methodological differences and dosing of 
LA, whereas the variables with the potential for modi-
fying the anatomical dispersion of the blockade were 
not prospectively controlled.  

Since its first description in 2016 by Forero et al (1), 
the ESP block has been used as an interfascial plane 
block and sufficient clinical efficacy has been reported 
for performing a neural block at any spinal level, re-
sembling the neuroaxial block techniques (2,3,5,6). 
If we consider the increasing effectiveness of the ESP 
block reported in severe postoperative pain models 
(Appendix 1), we believe that future application of the 
ESP block can decrease the incidence of adverse effects 
related to alternatives such as the thoracic epidural 
(motor block [13.4%], dura mater puncture [1.2%], 

epidural hematoma [0.02%], postpuncture headache 
[0.14%], and postoperative neurological deficit [1.2%]) 
(22). The ESP block may be associated with a lower risk 
of major complications, since it is performed in an in-
terfascial plane, easily identifiable on the bony surface 
and far from neurovascular structures and having the 
advantage of not having to invade the neuraxis. An-
other important aspect highlighting the relative safety 
of the technique is that in 2 of our cases, the ESP block 
was performed in patients on anticoagulants.

There are limitations to the present study. Small 
sample size may be a consideration; however, for this 
initial exploratory study, we have found comparable 
research for PVB describing dermatomal spread in 10 
healthy volunteers with similar findings (21). The study 
design does not allow the evaluation of the dose-effect 
relationship of the LA in order to assess the analgesic 
or the anesthetic result of the ESP block at different 
concentrations. Other factors can theoretically modify 
the dispersion of the LA during an ESP block such as 
the position of the patient, injection speed, consistency 
of the muscle, ligament tissues, needle gauge, viscosity 
of the mixture, and ventilatory pattern, which could be 
evaluated in future investigations. No clinical-imaging 
correlation was performed. 

In our study, there were no major complications re-
lated to the procedure. However, this initial exploratory 
cohort study is limited in terms of safety, for example 
pneumotorax frequency, due to a small sample size. 

Fig. 2. Median Visual Analog Scale.
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This investigation is of clinical significance for pa-
tients with indication for ESP block, since it provides 
important information on dose and analgesic efficacy 
in different scenarios of severe chest pain. 

conclusion

Ultrasound-guided ESP block via a single injection 
produces a mean dermatomal spread of 9.0 (range, 
8-11), after a fixed volume of 20 mL of 0.5% bupiva-
caine performed at the midthoracic level, with a high 
rate of analgesic efficacy. A dose/effect study is needed 
in order to evaluate complete sensory loss or analgesic 
block.
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