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ABSTRACT

Anatomical variations of the phrenic nerve are classified as variation in the 
origin, course, or as the presence of the accessory phrenic nerve. Origins or 
combinations of branches may differ from patient to patient. Some variations 
of phrenic nerve are very common and can cause complications in performing 
very simple and standard procedures. We have detected an anatomical 

variation of phrenic nerve in the right lateral cervical region during routine 
dissection. The localization of the right phrenic nerve was detected ventrally 
from the right subclavian vein. Variation was not found on the left side of the 
same cadaver. The relationship of the subclavian vein and the phrenic nerve 
and their variations should be familiar to anesthesiologists during subclavian 
vein cannulation and practice of suprascapular nerve block.
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INTRODUCTION

The phrenic nerve is a mixed motor/sensory nerve. According to 
established literature phrenic nerve arises in the cervical region mainly 

from the cervical plexus predominantly from the 4th segment, but also 
receives fibers from the 3rd and 5th cervical nerves (C3-C5) in humans 
[1]. However, recent studies pointed the segments C4 and C5 as the most 
common origin, with only 22% of the cases being from C3 [2]. In the lateral 
cervical region, the phrenic nerve descends vertically downwards, around 
the anterior scalene muscle within the prevertebral layer of cervical fascia, 
passes laterally to the ascending cervical artery to enter the superior thoracic 
aperture and continues to the diaphragm. It lies ventral to the vagus nerve in 
the inferior mediastinum [3]. In the subclavian triangle, the nerve is visible 
only in the lower part because it is covered by sternocleidomastoid muscle. 
Before entering the thoracic cavity, the phrenic nerve passes between the 
subclavian artery and the subclavian vein (Figure 1). The right phrenic nerve 

runs laterally and slightly posterior to the brachiocephalic vein and continues 
along the superior vena cava. On the left, the nerve continues to descend 
across the left lateral surface of the arch of aorta, passing superficially to the 
left vagus. Both nerves pass anterior to the hila of the lungs as they descend 
to the diaphragm between pericardial and pleural sacs [4]. The right phrenic 
nerve passes through the caval opening in the tendon of the diaphragm and 
leaves the thorax with inferior vena cava. The left phrenic nerve leaves the 
thorax by piercing the muscular part of the diaphragm near the apex of the 
heart [5]. The pericardiophrenic artery and vein accompany it through most 
of its course in the thorax [3].

It provides complete motor innervation of the diaphragm and sensation of the 
central tendon part of the diaphragm, also provides touch and pain sensory 
innervation of the mediastinal pleura, fibrous pericardium and parietal layer 
of serous pericardium [6,7], the parietal peritoneum below the diaphragm to 
the gallbladder and pancreas.

The topographical relationship between phrenic nerve and subclavian vessels 
is clinical important because phrenic nerve may be damaged during subclavian 
catheterization. In this report, we describe a variation of the phrenic nerve in 
relation to the subclavian vein and subclavian artery.

CASE REPORT

This case involved the neck dissections of an approximately 70-year old female 
cadaver in the Department of Anatomy, Pavol Jozef Safarik University in 
Kosice, Slovakia. The dissection was carried out according to the instruction 
by Mráz (1995). The cadaver had been embalmed soon after death and 
preserved by the injection of formaline preservative solution. The dissection 
was performed in accordance with ethical standards.

During a routine anatomical dissection for educational purposes of general 
medicine students, we have dissected a unilateral variation of the phrenic 
nerve courses in the lateral cervical region on the right side of the neck.

After the sternocleidomastoid muscle was lifted off and the inferior belly of 
omohyoid muscle identified, we cut the deep cervical fascia and separated 
the course of the muscle. After the removal of adipose tissue in the area of 
the subclavian triangle, we isolated the confluence of double suprascapular 
vein. Into its forked confluence immerged the right phrenic nerve (Figure 
1), which has been thereby deflected laterally from its physiological course, 
outside the anterior scalene muscle. The nerve was in its course covered by 
the prevertebral layer of the cervical fascia up to the venous junction, from 
which the nerve descended caudally to the superior thoracic aperture, ventral 
to the right subclavian vein (Figure 2). With this lateral course, the nerve 
directly adhered to the dorsally located right subclavian artery. Except for 
the variation in the course in subclavian triangle, we did not notice other 

Figure 1) Drawing illustrates the typical position of the phrenic nerve (A) and 
variation in the course of the phrenic nerve (B) in relation to the subclavian vein 
and subclavian artery. Arrows show position of the phrenic nerve in venous fork of 
the suprascapular vein (*). ASM: anterior scalene muscle, PhN: phrenic nerve, SA: 
subclavian artery, SV: subclavian vein, IJV: internal jugular vein.
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anomalies of the right phrenic nerve. The nerve was formed according to the 
characteristic norm by the cervical plexus branches C3 and C4 and received 
the fibers from the brachial plexus C5. In the thoracic cavity, it passed by 
the characteristic course, and the right diaphragm dome, compared to the 
contralateral one, was in position and without trophic abnormalities. The 
left phrenic nerve ran throughout its range without variation.

DISCUSSION

The phrenic nerve represents an important nerve that provides motor 
innervation of the diaphragm as the main inspiratory muscle. Knowing 
its exact course, which can demonstrate individual variation, is important 
in optimizing surgical approaches and applying anesthetics within the 
performance of a regional block.

 The present case report describes the finding of variable course of the right 
phrenic nerve, which normally passes into the thoracic cavity, posterior to 
the subclavian vein. In our finding, the phrenic nerve was located ventral 
to the right subclavian vein. However, this variation was not found on the 
opposite side of the same cadaver. The presence of nerve ventral to subclavian 
vein may be the cause of its damage during insertion of the central venous 
catheter. Cannulation of the venous system is performed by a puncture 
through the venous access according to the guiding anatomical structures; 
therefore, in patients at risk, it is appropriate to perform it under ultrasound 
guidance due to anatomical variations [8-11]. The same unilateral finding on 
the right side of the neck was also found by Prakash Prabhu et al. (2007) at 
the anatomy dissection of a 30-year old man. Banneheka (2008) reported the 

incidence of this variation in 2.9% of the 206 cases. Paraskevas et al. (2011) 
focused on the topography of the phrenic nerve and subclavian vein, and 
from of 84 cases in only 2 cases the phrenic nerve was located in front of the 
subclavian vein and in one case passed through the wall of the subclavian 
vein. The incidence of variable nerve localization varies between 7.25% [12] 
to 9% [6]. Anomalies in nerve location can cause a wide range of clinical 
symptoms. The pulsation of the adjacent subclavian artery, or point pressure 
at the venous junction (confluence) site, may lead to chronic stimulation of 
the phrenic nerve.

The presence of the phrenic nerve in front of the subclavian vein leaves 
the nerve in a vulnerable position during puncture or cannulation of the 
subclavian vein, which may cause hemi diaphragmatic paralysis. This 
variation may be asymptomatic during a surgical intervention to the neck 
or in the interscalene and supraclavicular phrenic nerve block it cannot be 
overlooked, and an extra care must be taken [13].

CONCLUSION

Likewise, the compression syndrome caused by the localization of the nerve 
in the venous fork is a possible cause of various neurological manifestations 
with primary unclear etiology. The finding demonstrates the need for 
a thorough knowledge of the anatomical variations of the phrenic nerve, 
which will enable safe and effective surgery using regional anesthesia and 
identify any complications in time.

The knowing the relation of the phrenic nerve and subclavian vein is very 
important for surgeons because nerve damage during venous cannulation 
could cause complications, such as diaphragmatic dysfunction, unilateral 
or bilateral diaphragmatic paralysis, manifested by decreased vital capacity, 
hypoxia, and rarely by shoulder pain.
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Figure 2) Anatomical variation in the course of the right phrenic nerve. The course 
of the phrenic nerve (*) in subclavian triangle lateral to anterior scalene muscle 
(ASM) and the internal jugular vein (IJV), it passes through the venous fork of the 
suprascapular vein (SSV). Nerve is crossing by the suprascapular artery (SSA) and lies 
in front of the subclavian artery and the subclavian vein (SCV).


