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Background: Sympathetic blocks (SBs) have been used widely to relieve the symptoms of 
sympathetically maintained pain (SMP). The thoracic sympathetic ganglion is not separated 
from somatic nerves by muscles and connective tissue. The upper thoracic ganglion runs 
along the posterior surface of the vertebral column in close proximity to the adjacent epidur-
al region. This anatomical difference leads to frequent epidural and intercostal spread in 
cases of thoracic SBs. The purpose of this study was to investigate the incidence of inadver-
tent intercostal and epidural injections during thoracic SBs. 

Methods: Twenty-two patients who were suffering from complex regional pain syndrome or 
lymphedema after breast cancer surgery were managed with two or three times of thoracic 
SBs. Therefore, injections of 63 thoracic SBs from 22 patients were enrolled in this study. 
An investigator who did not attend the procedure evaluated the occurrence of intercostal or 
epidural spread using anteroposterior fluoroscopic images. 

Results: The overall incidence of inadvertent intercostal or epidural spread of contrast was 
47.5%. Among the inadvertent injections, intercostal spread (34.9%) was more frequent 
than epidural spread (12.6%). Only 52.5% of the thoracic SBs demonstrated successful 
contrast spread without any inadvertent spread. The mean difference in skin temperature 
between the blocked and unblocked sides was 2.5 ± 1.8ºC. Fifty-nine (93.6%) injections 
demonstrated more than 1.5ºC difference. 

Conclusions: Thoracic SBs showed a high incidence (47.5%) of inadvertent epidural or inter-
costal injection. Thus, special attention is required for the diagnosis of SMP or the injection 
of any neurolytic agent around sympathetic ganglion. 
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ganglion.  
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INTRODUCTION 

The autonomic nervous system includes a sympathetic, 

a parasympathetic, and an enteric nervous system which 

provide the neural control of all parts except for skeletal 

muscles. The sympathetic and parasympathetic nervous 

system are differentiated in structure and function from the 

remainder of the peripheral components. The sympathetic 
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trunk, extending from the base of the skull to the coccyx, 

presents bilaterally. It divides into the cervical, thoracic, 

lumbar and sacral segments [1–3]. 

Certain neuropathic pain conditions are referred to as 

sympathetically maintained pain (SMP). Although the 

mechanism of SMP is still unclear, abnormal coupling be-

tween the sympathetic and the somatosensory nervous 

system has been suggested. This coupling occurs as a result 

of neurogenic inflammation following a lesion in the pe-

ripheral nerve or the dorsal root ganglion [4–6]. 

Clinically, sympathetic blocks (SB) have been widely 

used to relieve the symptoms of SMP or to differentiate be-

tween SMP and sympathetically-independent pain. For an 

SB to provide a diagnostic value, the sympathetic activity 

should be successfully disturbed for a proper duration of 

time [7–9]. For the diagnosis of SMP using an SB, complete 

interruption of sympathetic activity must be achieved, 

while preserving sensory and motor function. The sympa-

thetic trunk at the lumbar region runs on the anterolateral 

surface of the vertebral column from the L1 to L4 levels and 

deep to the medial aspect of the psoas major muscle [10]. 

Therefore, it is hard to find epidural contrast spread during 

lumbar SB due to the anterior location of lumbar sympa-

thetic ganglion to the vertebral body. Our previous study 

demonstrated frequent psoas muscle injection due to the 

close proximity of lumbar sympathetic ganglion [11]. 

In contrast to the lumbar sympathetic ganglion, the tho-

racic sympathetic ganglion is not separated from somatic 

nerves by muscles and connective tissue. Moreover, the 

upper thoracic ganglion runs along the posterior surface of 

the vertebral column in close proximity to adjacent epidur-

al region [12]. These anatomical differences in the thoracic 

sympathetic ganglion lead to frequent epidural and inter-

costal spread when performing thoracic SBs. Spread to the 

epidural and intercostal space lowers the diagnostic and 

therapeutic value of thoracic SBs. In addition, serious ad-

verse outcomes can be encountered if a neurolytic agent 

such as alcohol is injected into the epidural or intercostal 

space inadvertently during the procedure of thoracic SB. 

Considering the diagnostic and therapeutic value and safe-

ty of thoracic SBs, evaluation of the actual incidence of in-

tercostal and epidural spread is important. 

The conventional target point of a thoracic SB in lateral 

fluoroscopic images is the anterior edge of the costoverte-

bral articulation, where the needle tip contacts the posteri-

or one-third of the lateral vertebral body [9,13]. 

The purpose of this study was to evaluate the incidence 

of intercostal and epidural spread when the needle tip was 

located at the conventional target point. 

MATERIALS AND METHODS 

Patients 

This prospective randomized study was approved by the 

Institutional Review Board (no. 05-028-004) of our institu-

tion. All participants were explained about potential bene-

fits and risks of the trial and they were provided with writ-

ten informed consent. This trial was registered prior to pa-

tient enrollment at ClinicalTrials.gov (no. NCT03995576, 

Date of registration: 06/20/2019). 

From June to August 2019, 22 patients who were man-

aged with two or three times of thoracic SBs were enrolled. 

The inclusion criteria in this study were patients who 

demonstrated severe unilateral arm pain or edema due to 

complex regional pain syndrome (CRPS) or lymphedema 

after breast cancer surgery. The enrolled patients were in-

tractable to conservative therapy, including pain medica-

tion and physical therapy. Patients who had known aller-

gies to contrast or local anesthetics, or who had coagulopa-

thies or spine infections, were excluded. Therefore, the ul-

timate enrolled number of the thoracic SBs was 63 injec-

tions. All procedures were performed by one pain physi-

cian who had more than 15-years of experience with pain 

intervention using fluoroscopy. 

Procedure 

In the thoracic SB procedure, the patient was laid on the 

fluoroscopic bed in a prone position and the upper back of 

the target vertebra was sterilized. To facilitate needle inser-

tion, fluoroscopy was rotated ipsilaterally by 15–20°. After 

local infiltration with 1% lidocaine, a 10-cm long, 23-gauge 

spinal needle was inserted medially toward the lateral mar-

gin of the second or third thoracic vertebra. Strict attention 

was paid to insert the needle within a 3-cm distance from 

the spinous process of the targeted vertebra to minimize 

the risk of pneumothorax. A right or left side injection was 

determined according to the symptomatic side of pain or 

edema. 

A spinal needle was inserted using a tunnel view tech-

nique under oblique view. After the needle touched the 

lateral vertebral body, it was slightly advanced to the poste-

rior one-third of the vertebral body. The final location of 
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the needle tip was confirmed using anteroposterior (AP) 

and lateral fluoroscopic views. 

After the needle tip was located successfully, 3 ml of con-

trast medium (omnipaque 300, GE Healthcare, UK) was in-

jected slowly. All AP and lateral images were saved to the 

hard disc of the fluoroscopic machine and were transmit-

ted to a picture archiving and communication system (IN-

FINITT Healthcare, Korea). 

Outcome measurements 

Age, sex, diagnosis of patient, and skin temperature of 

both hands before and after thoracic SB were collected 

from the medical record. 

Temperature was measured for 20 min at 5-min intervals 

using a round-shaped skin temperature sensor attached to 

the volar side of both thumbs (carescape monitor B650, GE 

Healthcare). If the temperature difference between the two 

fingertips was more than 1.5°C, the sympathetic block was 

considered successful [14]. 

An investigator who did not attend the procedure evalu-

ated the occurrence of intercostal or epidural spread using 

the AP images which were saved in a picture archiving and 

communication system. This investigator had more than 

10-years of experience with pain intervention using fluo-

roscopy. Patterns of spread were divided into successful 

thoracic SBs without any inadvertent spread (Fig. 1A), tho-

racic SBs with intercostal spread (Fig. 1B), thoracic SBs 

with epidural spread (Fig. 1C) and failed SBs. 

Statistical analysis 

Our study is a simple observational study to report the 

incidence of epidural or intercostal spread. Therefore, we 

did not perform any power analysis to calculate the sample 

size. We obtained the incidence of inadvertent injections 

from 63 injections of thoracic SBs. 

Continuous numerical data were expressed as mean and 

standard deviation (for normally distributed data). Cate-

gorical data were expressed as frequencies and percentag-

es. Chi-square or Fisher’s exact test was used for the cate-

gorical variables. All data were analyzed using SPSS version 

18.0 (IBM Co., USA) and a P value <  0.05 was considered 

statistically significant.  

RESULTS 

This study included 63 thoracic SBs performed on 22 pa-

tients with a mean age of 42.5 ±  6.5 years. Among 22 pa-

tients enrolled, 18 patients had CRPS and 4 patients had 

lymphedema (Table 1). 

Thoracic SBs were performed at T2 or T3 levels. Thir-

BA C

Fig. 1. Patterns of thoracic sympathetic block (SB) showing successful SB without any inadvertent spread (A), thoracic SB with intercostal 
spread (B), and thoracic SB with epidural spread (C). White arrows in (B) and (C) indicates intercostal and epidural spreads, respectively.

Table 1. Demographic Data

Variable Value

Age (yr) 42.5 ±  6.5

Sex (M/F) 10/12

Body mass index (kg/m2) 22.5 ±  5.2

Type of disease

  Complex regional pain syndrome 18

  Lymphedema 4

Values are presented as mean ± SD or number of patients.
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ty-one injections were made on the right side and 32 injec-

tions were made on the left side. 

The overall incidence of inadvertent intercostal or epi-

dural spread of contrast was 47.5%. Among the inadvertent 

injections, intercostal spread (34.9%) was more frequent 

than epidural spread (12.6%). Only 52.5% of the thoracic 

SBs demonstrated successful contrast spread without any 

inadvertent spread (Table 2). There was no failed SB. 

The right and left side thoracic SBs showed 15/31 (48.3%) 

and 7/32 (21.8%) inadvertent intercostal injections, respec-

tively. Skin temperature was measured at both thumbs to 

assess the block efficacy (Fig. 2). The mean difference in 

skin temperature between the blocked and unblocked 

sides was 2.5 ±  1.8ºC. Fifty-nine (93.6%) injections demon-

strated more than 1.5ºC difference. 

DISCUSSION 

In this study, about half (47.5%) of thoracic SBs showed 

inadvertent intercostal or epidural spread. Among the in-

advertent injections, the intercostal spread of contrast was 

more frequent than epidural spread. When sympathetic 

blocks were performed at the lumbar area, the incidence of 

psoas muscle spread was 21.3% [11]. It is thought that the 

reason of more frequent inadvertent injection of thoracic 

SB than lumbar SB comes from the anatomical difference 

of the thoracic sympathetic ganglion. The upper thoracic 

ganglion runs along the posterior surface of the vertebral 

column in close proximity to the adjacent epidural region 

[12]. Due to this posterior location, thoracic SBs performed 

in this study targeted a final needle location at the posteri-

or one-third of vertebral body. 

During thoracic SB, the communicating ramus is the key 

structure by which injected medicine is delivered to the in-

tercostal nerve. White and gray communicating rami are 

located between intercostal nerve and thoracic sympathet-

ic ganglion. The types of communicating rami of the tho-

racic sympathetic ganglion include transverse or oblique 

rami connecting to the intercostal nerve of the same level, 

ascending rami to the intercostal nerve of the higher level 

and descending rami to the intercostal nerve of the lower 

level [12,15]. The second thoracic sympathetic ganglion 

presents a diverse way of giving off its communicating 

rami. The incidence of ascending or descending rami aris-

ing from the second thoracic sympathetic ganglion was 

66.7% and this incidence decreased below T3 level. In ad-

dition, T2 showed much stronger anatomical variation 

compared to T3 or T4 [15]. Considering this anatomical 

variation and the diverse way of giving off ascending or de-

scending rami at T2 sympathetic level, a significant inad-

vertent incidence of T2 would be expected. However, this 

study did not show any significant differences between T2 

and T3 levels. 

Right-side thoracic SBs showed an increased incidence 

of inadvertent injections compared to the left side in this 

study. According to a recent cadaver study, the number of 

rami of the upper thoracic sympathetic chain was signifi-

cantly greater on the right side. Also, the horizontal dis-

tance between the sympathetic chain and union of the 

rami on the intercostal nerves was significantly greater on 

the right side [15]. This anatomical difference of the upper 

Table 2. Incidence of Intercostal or Epidural Spread of Contrast Medium during Thoracic Sympathetic Ganglion Block

Incidence
Vertebral levels

Total P value
T2 T3

Number of blocks 34 29 63 (100)

Intercostal spread of contrast 14 (22.2) 8 (12.6) 22 (34.9) 0.682

Epidural spread of contrast 6 (9.5) 2 (3.1) 8 (12.6)

Values are presented as number or mean ± SD.
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Fig. 2. Degree of skin temperature increase between blocked 
and unblocked side measured at volar side of thumb. Values are 
presented as mean ± SD. T0: before thoracic sympathetic block (SB), 
T5: 5 min after thoracic SB, T10: 10 min after thoracic SB, T20: 20 
min after thoracic SB. 
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thoracic sympathetic chain might contribute to the slightly 

increased inadvertent injections on right-side thoracic SBs. 

Primary palmar hyperhidrosis is a debilitating disorder 

characterized by excessive sweating. The communicating 

rami of the upper thoracic sympathetic ganglion are fre-

quently involved in essential palmar hyperhidrosis. A sur-

gical method of dividing the sympathetic communicating 

rami, while preserving the thoracic sympathetic ganglia 

and nerve chain, has been introduced to address this dis-

order [16]. Percutaneous ethanol or alcohol sympatholysis 

is another treatment modality for primary hyperhidrosis. 

According to a recent study, 39 consecutive patients with 

primary hyperhidrosis received percutaneous sympatholy-

sis with a technical success rate of 100%. However, major 

complications were encountered, including severe inter-

costal neuralgia and pneumothorax [17]. Therefore, if 

chemical neurolysis will be performed using alcohol or 

ethanol, instead of a surgical approach, special attention 

should be paid to minimize inadvertent spread. 

A stellate ganglion block is the most commonly used 

simple technique to interrupt the sympathetic innervation 

of the upper extremity [8]. However, clinical and anatomi-

cal studies have suggested that this may not be the best 

method for upper extremity sympathetic block [7,9,18]. 

Complex regional pain syndrome treated by thoracic SB 

showed reduced pain intensity with improved depression 

and quality of life [7,9]. Frequent occurrences of epidural 

and intercostal injections during thoracic SBs, leading to 

an unwanted somatic blockade, might affect the therapeu-

tic outcome of complex regional pain syndrome. 

This study included patients with lymphedema after 

breast cancer surgery. Our pain clinic performs thoracic 

SBs to manage an intractable upper limb edema occurring 

after breast surgery. A previous study showed reductions in 

arm circumferences with improved lymphedema and 

breast cancer questionnaire scores after thoracic SBs [19]. 

Our study had several limitations. In this study, skin tem-

perature difference was measured to determine the prop-

erty of thoracic SBs. However, the association between tho-

racic SBs, with or without inadvertent spread and skin 

temperature differences, was not evaluated. Further study 

is needed to determine whether the appearance of inad-

vertent spread during thoracic SB affects skin temperature 

or therapeutic outcome. 

In addition, we did not present any technical method to 

reduce high incidence of inadvertent injection of thoracic 

SBs. Future studies on thoracic SBs, comparing new and 

conventional approaches, are required. Lastly, our study 

has some limitations due to small sample size. Further 

multicenter study with enough cases of thoracic SBs might 

present new method and has a higher impact. 

In conclusion, inadvertent intercostal and epidural 

spreads, which lead to somatic blockade, were observed in 

half of the thoracic SB injections. Considering such a high 

incidence of inadvertent injections, injecting any neurolytic 

agent or diagnosing SMP should be performed cautiously. 
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