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Abstract BACKGROUND: The aim of the work is to define the morphological peculiarities 
of the autonomic nervous system (ANS) in the thoracic region. 
MATERIAL AND METHODS: An anatomical study was performed on 20 cadavers, 
17 men and 3 women. We studied cadavers within 24 h of death. We observed 
the vertebral and prevertebral section of the truncus sympathicus, their morpho-
logical peculiarities depending on the type of ANS. To show the intimate relation-
ship of both systems, we also focused on the details of the structure related to the 
connections of the ANS with the spinal nervous system. 
RESULTS: In the thoracic region, the segmental arrangement of the truncus 
sympathicus ganglia prevailed in 16 (80%) cases. Rami communicantes gave anas-
tomoses to spinal nerves. Small ganglia were observed on the rami communicantes 
to the spinal nerves. In the case of the concentrated type, in 4 cases (20%), we 
observed a reduction in the number of ganglia, as well as the absence of small 
ganglia on the connecting branches. Connections between n. vagus and sympa-
thetic branches were poorly developed. We observed right-left asymmetry and 
differences in the formation of ganglia and anastomoses in the truncus sympathicus 
in the vertebral and prevertebral section. Variations of distance of n. splanchnicus 
major were observed in 16 cases (80%). 
CONCLUSION: This study allowed us to identify and describe the morphological 
peculiarities of the thoracic ANS. The variations were numerous; their preopera-
tive diagnosis is difficult to impossible. The knowledge gained can be helpful in 
clarifying clinical signs and symptoms. 
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Abbreviations:
ANS  -  autonomic nervous system
TSN  - thoracic splanchnic nerves 
TH  - Tyrosine hydroxylase (TH)
VAChT  - vesicular acetylcholine transporter 

INTRODUCTION
PThe autonomic nervous system (ANS) is the part of the 
peripheral nervous system, the system of nerves and 
ganglia that innervates the internal organs, including 
blood vessels, heart, smooth muscles, pupils, intestine, 
and sweat, salivary, and digestive glands, controlling 
their involuntary functions (Karemaker, 2017; Kuruc 
et al. 2023). The autonomic nervous system consists 
of three divisions: sympathetic, parasympathetic and 
enteric nervous system (Gray, 2010; Sasselli et al. 2012). 

Human body exhibits a certain degree of differ-
ences and abnormalities in terms of its shape, struc-
ture, position etc. Anatomical variations are not only 
very interesting and thought provoking for anatomists 
but also for pathologists, forensic physicians and clini-
cians (Kuruc et al. 2023). There are different types 
of  anatomical variants and peculiarities. They can be 
sporadic, infrequent or frequent. Frequent variations 
can even reach up to 100% occurrence (Kachlík et al. 
2020). Many anatomical variants do not require clin-
ical attention, but some may present diagnostic prob-
lems or cause adverse clinical symptoms. The basis for 
a correct understanding of these disorders must be the 
peculiarity of the structure of the plexuses, peripheral 
nerves, and ANS. These peculiarities can explain the 
contradiction and diversity of clinical manifestations 
(Georgiev, 2017). 

The thoracic splanchnic nerves (TSN) are medial 
branches of the thoracic sympathetic trunk (Tubbs 
et al. 2016). TSNs conduct pain from internal organs 
from around the celiac ganglion (Haroun, 2018). 
Sympathetic innervation starts from the anterolateral 
corners of the spinal cord and continues along the 
path of rami communicantes albi, truncus sympathicus 
and splanchnic nerves. Visceral pains from abdominal 
organs are conducted from the celiac ganglion via the 
thoracic splanchnic nerves, sympathetic ganglia, rami 
communicantes albi and dorsal spinal ganglia (Ehrhardt 
et al. 2022; McCausland & Sajjad, 2022). These pains 
spread further through the spinothalamic tract. They 
play an important role in the treatment of abdominal 
disorders. The diversity and variability of clinical mani-
festations is because one and the same nerve contains 
different amounts of myelinated and unmyelinated 
fibers (Matejčík & Kuruc, 2022; Sakthivel & Manjunath, 
2016).

Knowledge of the structure of the thoracic ANS 
must be the basis for a correct understanding of ANS 
disorders (Loukas et al. 2010). These peculiarities 
can explain the contradiction and diversity of clinical 
manifestations (Matejčík et al. 2019). In the literature 

devoted to the peripheral nervous system, the question 
of anatomy, histology and function is elaborated in rela-
tively detail, however, in the aspect of tracking the patho-
genesis insufficient attention is paid to the mechanisms 
and semiotics of ANS disorders (Gest & Hildebrandt, 
2009; Edwards & Baker, 1940; Kommuru et al. 2014). 
The TSNs and celiac ganglia have been of anatomical 
and clinical interest in the fields of  pancreatic cancer 
and pancreatitis for many years, particularly for their 
role in pain management (Hajjar et al. 2016; Yang et al. 
2008). Anatomical, and especially surgical, textbooks 
usually do not pay enough attention to the anatomical 
peculiarities of the ANS, which can complicate the solu-
tion of many pathologies and consequently, medical 
care (Jit & Mukerjee, 1960). We have come across liter-
ature and scientific publications devoted to this issue 
(Thangaraj & Nagarajan, 2018). Only rare did we come 
across publications focused on bilateral morphological 
deviations in the formation of the peripheral ANS in 
the thoracic region. As a rule, these were works related 
to individual nerves and ANS plexuses (Beveridge et al. 
2015; Costello et al. 2004). 

With this in mind, we conducted a study aimed 
at  determining the morphological peculiarities of the 
peripheral ANS in the thoracic region. Interest in the 
precise anatomy of the ANS has increased with the 
introduction of the telerobotic method of treatment, 
where magnification and perfect illumination allow 
easier preservation and treatment of neural structures 
(Moore & Dalley, 2006; Swell, 2004). Currently, there 
are such treatment trends that it is possible to plan and 
thus specify both medical care (Andtbacka et al. 2004; 
Matejčík & Kuruc, 2022).

MATERIALS AND METHODS
Detailed dissections were performed on 20 cadavers. 
The study included 17 men (85%) aged 18 to 84 and 
3 women (15%) aged 27 to 86. The average age was 
53.8 years. The subjects most often died by violent 
death in car accidents, by asphyxia, or by sudden death. 
The study was approved by the Institutional Ethics, 
Arbitration, and Disciplinary Committee of the Health 
Care Surveillance Authority (Approval Code 2/2022). 
We observed cadavers without congenital or detected 
anomalies, cancer, deformities of the body, or spinal, 
thoracic and abdominal operations within 24 hours 
of death. In all of them, the ANS was clarified bilaterally. 

The body was lying down. Subsequently, a "scarf " 
skin incision was made bilaterally along the clavicle 
to its lateral part, the skin and subcutaneous tissue were 
deviated upwards, the clavicles were separated from the 
sternal manubrium, the ribs were cut in the midaxil-
lary line, and the anterior chest wall was removed. After 
examination and removal of the lungs and mediastinal 
contents, the parietal pleura was carefully retracted 
to expose the prevertebral sympathetic chains, ganglia, 
and thoracic splanchnic nerves. Most of the diaphragm 
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was removed except for the parts that were firmly 
attached to the posterior chest wall. After identifying 
the thoracic sympathetic ganglia, the sympathetic chain 
and the thoracic splanchnic nerves, the connections 
between the ganglia and the thoracic splanchnic nerves 
were traced. A very detailed forensic dissection was 
performed in all cases. In order to identify the thoracic 
and splanchnic ANS, we performed dissections of this 
area with the use (with the help) of a magnifying glass.

Histological techniques (hematoxylin and eosin) and 
immunohistochemical analysis (Tyrosine hydroxylase 
(TH) and Specific vesicular acetylcholine transporter 
(VAChT) antibodies) were used to  reliably identify 
ganglia obtained during dissections to determine 
whether the identified tissue structures contained 
neurons. We used polyclonal Anti-Tyrosine Hydroxylase 
Antibody (product No. AB152, Sigma-Aldrich) and 
Monoclonal Anti-Vacht antibody produced in mouse 
(product No. SAB5200240, Sigma-Aldrich). For both, 
TH and for VAChT staining, were used concentrations 
of 1:100 and 1:200.To show the intimate relationship 
of both systems, we also focused on the details of the 
structure (rami communicantes) related to the connec-
tions of the ANS with the spinal nervous system.

Since we did not come across a division of the ANS 
according to the number of ganglia in the available 
literature, we used our own classification system. We 
used 12 ganglia with respect to 12 thoracic spinal cord 
segments as a classification limit. The authors consider 
it appropriate to classify the type of thoracic ANS 

according to the number of ganglia. We used this type 
of classification due to highly probable different clinical 
course and clinical symptoms, especially pain radia-
tion, depending on the number of ganglia and their 
interconnection.

RESULTS
We observed morphological variations of the thoracic 
ANS in all cases of the vertebral and prevertebral 
section. According to the number of ganglia, the varia-
tions were classified as segmental type (12 or more) 
and concentrated type (less than 12). We observed the 
segmental type (Fig. 1) in 16 (80%) cases (interval 13 
to 16 ganglia) and the concentrated type (Fig. 2) in 4 
(20%) cases (interval 8 to 10 ganglia). 

The segmental type was found in 14 men and 
2  women, and the concentrated type was found in 
3 men and 1 woman (Tab. 1). We observed right-left 
asymmetry (Tab. 2) and differences in the formation 
of ganglia and anastomoses in the truncus sympathicus 
in the vertebral and prevertebral section depending on 
the type of ANS.

Rami communicantes gave anastomoses to the 
spinal nerves. Small ganglia were observed on rami 
communicantes (Fig. 3, Fig. 4). In the chest section 
truncus sympathicus, the segmentation was the most 
pronounced. Each ganglion tr. sympathicus was joined 
with the help of rami communicantes with the spinal 
nerve within the segmental arrangement. Differences in 

Fig. 1. Unevenly 
placed ganglia 
along the truncus 
sympathicus from 
the left; segmental 
type.

Fig. 2. Unevenly 
placed truncus 
sympathicus 
ganglia from the 
left; concentrated 
type.
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construction rami communicantes were dependent on 
the overall nature of the system structure. In the case 
of the concentrated type, we observed the decrease in 
the number of ganglia, as well as the absence of small 
ganglia on the connecting branches. Links between 
nervus vagus and sympathetic nerves were poorly 
developed. At nervus splanchnicus major we observed 

anatomical variations of distance of nervus splanch-
nicus major in 16 cases (80%).

DISCUSSION
This study is the first description of morphological 
peculiarities with relation to the clinic of the thoracic 
ANS in fresh cadavers. In this work, we provide 
a systemic view of the sources and distribution of nerve 
ganglia, and plexuses, depending on its type. 

The formation of the peripheral sympathetic system 
is influenced by the bilateral migration of neuroblasts 
from the neural groove after the fourth-fifth week 
of development Sadler, 2011). Morphological peculiari-
ties of the ANS can cause symptoms on several levels. 
Their preoperative diagnosis is difficult. When we 
consider the comparable anatomical and embryological 
data, we can say that when the development of the 
sympathetic system slows down, we can find it during 
cell migration that is, on rami communicantes and near 
the roots, small ganglia, and the segmental arrangement 
of ganglia of the truncus sympathicus (Gebretsadik et al. 
2018; Cho et al. 2005). In other cases, when the devel-
opment continued faster, we can observe a decrease in 
the number of ganglia in the structure of  the truncus 

Tab. 1. Division according to the type of formation ANS.

Men Women

Type of formation 
of peripheral ANS

Segmental 
type

Concentric 
type

17 3
16

14 Men; 2 
Women

4
3 Men; 1 
Woman

Tab. 2. Division according to lateral asymmetry in the truncus 
symphaticus of the thoracic ANS.

Men (17) Women (3)

Right Left Right Left

7 10 1 2

Fig. 3. Connections of one spinal nerve (T4) with two ganglia 
of sympathetic trunk (1) (3).

Fig. 4. T4 nerve is connected on one side by a series of parallel 
rami communicantes with the ganglion located along the 
sympathetic trunk (2) and other with the sympathetic ganglia 
located on the lower connecting branches (3) (4), while one 
of the last ganglia (3) being connected to the distant ganglion 
of the sympathetic trunk (1). So the T4 nerve in this case is 
connected to four sympathetic ganglia.
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sympathicus, the absence of small ganglia on the 
connecting branches (Bergman et al. 2015). 

Links between nervus vagus and sympathetic 
branches was poorly developed. It is difficult to imagine 
that differences in the structure of the ANS would 
not be reflected in the nature of the difficulties. It is 
already known and a certain agreement of anatomical 
differences with differences in the clinical picture is 
observed in the spinal system, where there are greater 
opportunities for clinical monitoring than in the 
ANS. Irritation originating from the internal organs 
spreads to the corresponding segments of the spinal 
cord and subsequently manifests itself in the periphery 
(Haviarová et al. 2020). Anatomical differences in junc-
tions between the autonomic and spinal systems are 
important. In cases where one ganglion is connected 
with several spinal nerves, the irritation will spread 
to a number of segments, sometimes seemingly unre-
lated to the diseased organ (Kuruc et al. 2019). 

The instability of pain and the complexity of the 
body’s overall pain reactions depend on the individual 
characteristics of the patient, the nature of the reactions 
of the nervous system, and in each individual case, on 
the existing peculiarities of the structures of the ANS as 

a whole. The instability of the junctions may explain the 
instability of these symptoms. Paths of pain radiation 
and points of their localization, it is difficult to deter-
mine their specificity for a particular organ, can explain 
the instability of these systems (Balík & Šulla, 2022). 

The variations in our set were numerous; their preop-
erative diagnosis is difficult to impossible. We analyzed 
the formation of the thoracic ANS in 20 cadavers. The 
concentrated type occurred in 4 (20%) cases and the 
segmental type of ANS formation in 16  (80%). With 
a smaller number of ganglia (concentrated type), some 
ganglia are connected to a larger number of segments, 
which results in a possible different clinical course 
than with the segmental type. Variations of the ANS 
were described in the past in the literature. We have 
come across scientific publications devoted to this 
issue (Vanlommel et al. 2022). Only rare did we come 
across publications focused on bilateral morphological 
deviations in the formation of the peripheral ANS in 
the thoracic region. As a rule, these were works related 
to individual nerves and ANS plexuses (Beveridge et al. 
2015; Costello et al. 2004). We did not come across 
works dealing with variations of the entire thoracic 
ANS bilaterally, but rather, we found papers dealing 

Fig. 5. Radiation of pain in diseases of the liver or 
bile ducts from the coeliac plexus in the low type 
of formation of the greater splanchnic nerve.
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only with the variations of individual ANS nerves 
(Haroun, 2018). 

In our set, we observed them in all cases. At nervus 
splanchnicus major we observed anatomical variations 
of  distance of nervus splanchnicus major in 16 cases 
(80%). Figures 5 and 6 show the possible irradiation 
of pain in diseases of the gallbladder with low (Fig. 5) and 
high (Fig. 6) type of formation of n. splanchnicus major. 
Nn. splanchnic connect the plexus coeliacus with the 
truncus sympathicus in the chest area and through it and 
rami communicantes with the corresponding segments 
of the spinal cord, differences in the levels of formation 
of these nerves can clarify the peculiarities of pain irra-
diation in diseases of internal organs (Georgiev, 2017).

The management of gastroenteropancreatic carci-
noma has been challenging for the physicians (Darbà & 
Ascanio, 2019). The therapeutic objective is focused in 
cure by surgery, and if this is not possible, in palliation. 
This palliation is based on goals: control of disease, 
extension of survival, maintenance of quality of life and 
pain relief (Bosanquet et al. 2016). Splanchnicectomy is 
a surgical interruption of splanchnic nerves for manage-
ment of pain caused by chronic pancreatitis, carci-
nomas of the pancreas, liver, gallbladder, alimentary 

tract. One of the main problems in the use of thoraco-
scopic splanchnicectomy for pain relief is the uneven 
result of the procedure, mainly because of insufficient 
anatomical information (Hajjar et al. 2016). Most of the 
anatomy textbooks describe little variations in the 
anatomy of the TSNs. As a result, surgical intervention 
on such scant information often lead to uneven degrees 
of symptom relief (Thangaraj & Nagarajan, 2018). More 
detailed anatomical information about TSNs will help 
surgeons in their quest for more precise practice.

CONCLUSIONS
The description of thoracic ANS and its variants 
described in this cadaver study may be useful when 
carrying out thorax operation in this anatomical region. 
Absence or lack of intraoperative vigilance can lead 
to  the thoracic ANS damage. It is necessary to realize 
that insufficient knowledge, misunderstanding of  the 
basic pathophysiological mechanisms, can lead 
to wrong considerations and implementation of incor-
rect medical procedures, which can endanger the health 
and life of the patient. We believe that the data obtained 
from anatomical dissections can be helpful for many 

Fig. 6. Radiation of pain from the coeliac plexus in the high 
type of formation of greater splanchnic nerve.
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surgeons. Patient care in surgery is very demanding 
and requires both the physician to possess adequate 
knowledge, to use critical thinking, and to engage 
a close cooperation with all members participating in 
the provision of health care.

Our study is influenced by several factors such as the 
small number of observations and the significant differ-
ence in the number of men and women in the study 
population. These are the limits affecting the interpre-
tation and generalizing our findings.
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