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The diaphragm is one of the most intriguing muscles with a multifaceted impact
on body functions, such as breathing, visceral health, CSF flow, and emotional
regulation. Evidence supports using empirically tested breathing techniques, such
as "diaphragmatic breathing," to help regulate physiological functions to treat
psychosomatic and stress-related conditions. However, the physiological
mechanism of diaphragmatic breathing is not very well understood. Studies
suggest interconnections between breathing, emotion, and cognition employ a
decrease in sympathetic and an increase in parasympathetic nervous system
activity. In addition, stimulation of the phrenic nerve, which is a primary source
of somatic efferent fibers to the diaphragm, results in increased sympathetic
outflow, leading to increased arterial blood pressure and heart rate, and
bronchodilation.
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Main effect of location and gender on myelination

Main effect of location on percent of unmyelinated (%)

Gross Dissection Results:

Main effect of location on percent TH positive

Figure 3. There is a significant difference between the percent
unmyelinated at cervical level and APT (P = 0.007) and a difference
between the percent unmyelinated at AD2 and APT (P = 0.02).

Figure 2. There is a significant interaction of location and gender (P = 0.015) on the
size of myelinated and a main effect of location (P = 0.012) on the size of myelinated.
Looking into the data it appears that this interaction is most likely driven by the main
effect of location

Figure 1. There is a significant difference between the percent
unmyelinated at cervical and APT (P = 0.011)
Percent Unmyelinated

Percent THPositive

Table 1. Mean Values and Standard Deviation of the
Samples Based on Collection Site
0%

Apparent communications between the phrenic nerve and sympathetic ganglia on the
cervical level were not observed during gross dissection.
Right phrenic nerve bifurcated into the Thoracic Posterior Trunk (TPT), that
descended posterior to IVC to enter the abdominal cavity and the smaller lateral
branch Thoracic Anterolateral Trunk (TALT) to supply right thoracic hemidiaphragm.
Two distinct anatomical patterns of communication between the abdominal phrenic
nerve (APT) and the celiac plexus were observed in the form of the single trunk (2
specimens) or plexiform communication (4 specimens).A distinct branch to IVC
from the subdiaphragmatic phrenic nerve was detected in 3 specimens. The branch
innervated the wall of IVC posteriorly 2 to 4.4 cm superior to the left renal vein.
Effective Surface Area Measurements and Myelination
The effective surface area is defined as nerve tissue exclusively within the
perineurium. On the cervical level, the mean effective surface area was 0.287±0.15
mm2, dominated by myelinated fibers that occupied 98.37±1% of it. The mean
surface area of TPT was significantly larger than TALT (0.359±0.15 mm² vs.
0.19±0.09 mm² respectively, P = 0.02). A notable difference in the surface area was
observed between the cervical and accumulative effective surface area of TPT and
TALT (P = 0.035) mainly due to the increase of the unmyelinated component
(P=0.023) without remarkable change in myelinated fibers (P = 0.11). An increase
in the unmyelinated component suggests anastomosis with branches that ascend
from the abdomen. Myelinated TPT fibers of the phrenic nerve occupied 67.37% of
the ESA when the smaller TALT contained mainly myelinated fibers (93.58%). The
abdominal phrenic nerve ESA mean was 0.247±0.21 mm² which is comparable with
TPT effective surface area (P = 0.21); no remarkable difference in the presence of
unmyelinated fibers was noticed in these locations (P = 0.35). There was a
significant interaction of location and gender (P = 0.015) on the size of myelinated
and a main effect of location (P = 0.012) on the size of myelinated fibers. There
were no significant interactions or main effects (P > 0.05) of location and gender on
fascicles, effective surface area, unmyelinated fibers.
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It is essential to understand phrenic nerve morphology, specifically the autonomic
component, to comprehend the physiological effects of breathing techniques and
phrenic nerve stimulation therapy
Traditional anatomical textbooks indicate the phrenic nerve receives
catecholaminergic fibers from the middle and lower cervical ganglia. However,
previous studies reveal that both phrenic nerves lack the sympathetic component
at the diaphragm level, recovering it in the abdominal region supposedly from
communication with a celiac plexus.
In 2016, Marios Loukas explored the subdiaphragmatic phrenic nerve identifying
both right phrenic nerve (98%) and left phrenic nerve (60%) inferior to the
diaphragm.
Subdiaphragmatic phrenic nerves are described as communicating with the
adrenal gland, IVC, celiac ganglion, and aorticorenal ganglion. However,
communications between the phrenic nerve and sympathetic nervous system
were described based on gross dissection, creating a risk of misidentifying the
nerves and connective tissue.
Researchers suggest that the subdiaphragmatic phrenic nerve serves as a
morphological conduit for the sympathetic nervous system. (Verlinden et al.,
2018)
The goals of the current study are to analyze the morphology of the right phrenic
nerve, targeting the presence of sympathetic fibers using immunohistochemistry
and to investigate the branching pattern of the abdominal right phrenic nerve.
Understanding the sympathetic component of the phrenic nerve could elucidate
the impact of proper breathing techniques on overall health.

Materials and Methods
1. Six (4 males, 2 females) formalin-fixed cadavers, between 76 and 101 years of
age, were dissected at the MSSU human dissection laboratory to reveal the
cervical, thoracic and abdominal course of the right phrenic nerve.
2. The abdominal right phrenic nerve (APT) was dissected to its terminal branches.
3. Samples were collected at the root of the neck, near the inferior vena caval
diaphragmatic hiatus, and abdominal communicating branches.
4. All sections were prepared using H&E and Luxol Fast Blue staining. Antibody
staining for tyrosine hydroxylase was used to determine the presence of
catecholaminergic fibers. Slides were photographed with a Leica
photomicroscope.
5. The effective surface area of the nerve, TH-positive areas, and unmyelinated
areas were measured using ImageJ software.
6. Data were imported into R Studio (R version 4.0.3) and analyzed using two-way
ANOVA, linear regression, and Pearson’s correlation tests. Comparisons were
made with the use of Student’s t-test. P values ≤ 0.05 were considered significant.
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Figure 5

Figure 6A

Figure 4. Percent TH-positive and
unmyelinated fibers within each location.
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Figure 6C

Figure 6B

Figures 5, 6A, 6B, and 6C. Histological examination of the cervical phrenic nerve (C). Sample location highlighted green in Figure 5. Cross section of
the nerve reveals epineurium (1), perineurium (2), blood vessel (3), and surrounding connective tissue (4). An absence of TH-positive fibers can be observed
in the cervical sample (Figure 6C). LFB staining reveals the presence of mostly myelinated axons (Figures 6B ).
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No tyrosine hydroxylase (TH) positive fibers were detected within the cervical
phrenic nerve. However, catecholaminergic fibers were present at the
supradiaphragmatic branches, TPT and TALT, and within the abdominal course of
the phrenic nerve. The mean area of TH positive fibers was significantly larger
within TPT (0.06±0.048 mm² or 5.28%±10.25%) compared to TALT (0.007±0.009
mm² or 3.64%±3.5%; P=0.023), the branch that does not enter the abdominal cavity
and innervates the right thoracic diaphragm primarily. There was no significant
difference in TH-positive fibers between the abdominal phrenic nerve branch and
TPT (P=0.28). The sample collected at the celiophrenic communication contained
phrenic ganglion (Fig. 13 series) and postganglionic sympathetic fibers stained
positive with antibodies to tyrosine hydroxylase. Although, there was no significant
effect of age or gender on the size of the TH- positive component, the main effect
of location on the presence of TH-positive fibers was apparent.
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Figure 8

Figure 7B

Figure 10. Correlation between TH-positive and unmyelinated fibers in TPT
and TALT

Figure 9B

Figures 7A, 7B, 8, 9A, 9B. Morphological characteristics of 2 supradiaphragmatic trunks of the right phrenic nerve near the inferior vena caval diaphragmatic hiatus: TPT - posterolateral trunk (green,
histology figures 7A and 7B), descends posterior to IVC and enters abdominal cavity; and TALT - anterolateral trunk (red, histology figures ) – branches laterally to supply right thoracic hemidiaphragm.
1-myelinated, 2-unmyelinated, 3-blood vessel within perineurium, 4-TH-Positive Fibers.
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Figure 12A

Figure 12B

Figure 11

Figures 11. Abdominal course of the right phrenic nerve (highlighted teal) reveals plexiform (orange) communication with the celiac ganglion (pink). Samples for histological examination were collected in the areas
indicated by asterisk (red asterisk) – main branch of the abdominal phrenic nerve (APT, abdominal posterolateral trunk); (yellow asterisk) – Celio-Phrenic communication with APT. Figure 12A and 12B. The histological
examination of APT. The main branch of the APT consists of 3 fascicles, one of them displays TH- positive fibers (figure 12B, #3) which are indicative of sympathetic activity. Myelinated (1) and unmyelinated (2) fibers
can be seen in figure 12A.
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Inferior Vena Cava Branch
The branch supplying the IVC (IVCB) with a total effective surface area of
0.053±0.03 mm² was dominated by unmyelinated fibers that occupied 92.21%±9%.
Most of these fibers (60%±20%) stained positive for TH. A cross-section of the IVC
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wall revealed a distribution of the nerve branches through tunica adventitia.
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Figures 13A, 13B, 13C. Sample collected from the celio-phrenic communication (yellow asterisk, figure 8) H&E staining reveals autonomic ganglion with clusters of basophilic somas of the multipolar
neurons with eccentrically positioned nuclei (1) that stained positive for TH. A single layer of satellite cells surround neural bodies. LFB reveals prevalence of unmyelinated fibers on the left side (2) also
stained positive for TH. Immunohistochemistry reveals expression of monoclonal antibodies against tyrosine hydroxylase (3).
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Conclusion

Figure 13C(1)

Phrenic somatic efferent and afferent nerve fibers might play a role in modulating
sympathetic outflow. Rhythmic activation of the diaphragm can lead to subsequent
activation of the subdiaphragmatic branches triggering sympathetic motor discharge.
Overall, our study contributes to the understanding of phrenic nerve morphology and
its sympathetic component.
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Figure 15A

Figure 14. Cross section of IVC wall. Sample was
collected at the site of the IVC nerve branch perforating
the wall of the vessel. 1 – cross sections of the nerves; 2 –
cross sections of blood vessels; 3 – tunica adventitia; 4tunica media
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Figure 15C

Figures 15A, 15B, 15C, and 16. The histological examination of the branch to the inferior vena cava
(IVCB, Figure 16). TH-positive fibers can be seen diffused throughout a single fascicle (Figure 15C) with
prevalence unmyelinated axons (Figure 15B).
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