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Introduction

The phrenic nerves are the only motor innervation of the 
diaphragm; they also provide major sensory innervation to 
the central tendon of the diaphragm, mediastinal pleura, 
pericardium and some viscera of the upper abdomen. This 
pair of nerves descend through the thorax in close proximity 
to major structures such as the heart, pericardium, 
esophagus, vena cava, and aorta. Embryologically, phrenic 

axon projection is closely related to diaphragm primordium 
migration within the developing thorax; thus, adult variation 
may indicate unique diaphragmatic/thoracic development 
(1,2). Insight into variations in phrenic nerve position will 
provide physicians with essential anatomical information to 
reduce iatrogenic phrenic nerve injury during procedures 
that require intrathoracic intervention. 

Each phrenic nerve innervates the ipsilateral half of 
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the diaphragm and, if damaged, ipsilateral paralysis of 
the diaphragm will result in compromised pulmonary 
function (3). Phrenic nerve identification and preservation 
during invasive thoracic procedures are critical to 
prevent diaphragmatic impairment as well as other 
potential complications (4-6). Specifically, studies have 
shown a correlation in phrenic nerve injury to: (I) open 
heart coronary artery bypass grafting (4,7); (II) thoracic 
endovascular cardiac repair (8); (III) traditional cardiac 
repair (9); (IV) thoracic aortic aneurysm. Exploratory 
laparotomy has also been shown to cause phrenic nerve 
damage resulting in diaphragm paralysis (10). Phrenic nerve 
injury has also been documented secondary to thoracostomy 
tube placement (11,12).

With increasing use of minimally invasive procedures 
that limit direct visualization of the phrenic nerve, such 
as laparoscopy and endoscopy, it is of extreme importance 
to recognize the proximity of the phrenic nerves to 
major thoracic structures to prevent complicating patient 
outcomes. A recent study has provided data on phrenic 
nerve position relative to upper thoracic structures 
in the context of limiting complications from cardiac 
intervention (13). The purpose of this study was to assess 
the site of diaphragmatic innervation by the phrenic 
nerves relative to lower thoracic structures in order to 
provide positional data critical to thoracic surgeons that 
perform laparotomy, laparoscopic, and other invasive 

procedures.

Methods

Subjects

This study was performed using deidentified human 
cadavers and as these are not considered human subjects by 
our institution, institutional review board approval was not 
needed. Dissection of the thoracic cavity was performed 
bilaterally on 43 embalmed human cadavers (25 males;  
18 females) at Edward Via College of Osteopathic Medicine, 
Virginia and Carolina campuses. Data was gathered from 43 
cadavers; 33 left phrenic nerves and 40 right phrenic nerves 
were intact. The specimens consisted of 41 Caucasians and 
2 African Americans. 

Design

The site of phrenic nerve penetration into the diaphragm 
was identified then designated by a pin. The distances were 
measured from each phrenic nerve to surgically relevant 
thoracic cavity structures: (I) lateral wall of the inferior 
vena cava (IVC); (II) esophagus; (III) descending aorta; (IV) 
lateral thoracic wall; (V) anterior thoracic wall (Figure 1).  
The external surface of these structures was pinned at 
the closest distance to the phrenic nerve diaphragmatic 

Figure 1 Schematic of a superior view of the thoracic surface of the diaphragm. Variations in distance between the phrenic nerves and the 
labeled structures are the focus of this study. Due to the asymmetric position and orientation of the heart, the left and right phrenic nerves 
differ in their proximity to major thoracic viscera.
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insertion. Calipers were then used to measure the distance 
from each phrenic nerve as it enters the diaphragm to 
each thoracic structure (Figures 2,3). Thoracic horizontal 
distance, defined as the distance from right lateral rib 
cage to left lateral rib cage at the level of the diaphragm, 
was taken to standardize phrenic nerve location due to 
individual size differences. Measurements were taken by 
multiple investigators to ensure accuracy.

Statistical analysis

Continuous data were analyzed and tested for normality 
using means ± standard deviation for each variable. 
Quantitative analyses comparing males with females was 
performed using unpaired t test for those variables that were 
normally distributed, and the Wilcoxon Sum Rank Test was 
used for non-normal comparisons. The level of significance 
was set at the 0.05 level.

Results

Analyses of male/female mean, standard deviation and 
sample size (n) according to left and right phrenic nerves 
are represented in Table 1. As expected, the mean thoracic 
horizontal diameter of male cadavers was significantly larger 
than that of female cadavers (P value <0.0001) (Figure 4).  
Due to statistically greater thoracic cavity diameter in males, 
distances from phrenic nerves to visceral structures were 
expected to be greater in males. However, there was no 
statistically significant difference between the males and 
females except at the right phrenic nerve to anterior thoracic 
wall distance (male 7.92 cm; female 6.12 cm; P value =0.0234). 

Discussion

Knowledge of variation of phrenic nerve location in the 
thorax is essential to reduce the incidence of iatrogenic 

1 – ANTERIOR THORACIC WALL
2 – LATERAL THORACIC WALL
3 - INFERIOR VENA CAVA
4 - ESOPHAGUS
5 - THORACIC AORTA

Figure 2 Schematic of the measurements taken. Dashed lines show the sites of measurement from each phrenic nerve to the five structures 
listed. Calipers were used to obtain the distances.

Figure 3 Superior view of the thoracic surface of a cadaver 
diaphragm. The placement of the pins in this image represent the 
measurement taken from the right phrenic nerve (white arrow) to 
the inferior vena cava (green pin), esophagus (red pin), and aorta 
(blue pin). For measurements involving the left phrenic nerve, the 
pins were repositioned to the side of the visceral structure closest 
to the nerve.
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injury during invasive procedures, especially in situations 
without the opportunity to assess these patterns before 
intervention. The phrenic nerve is of special interest since 
it courses deep in the thorax, is critical for diaphragm 
function and is situated in close proximity to major 
thoracic structures critical to life. Variation in phrenic 

nerve proximity to major thoracic structures has been 
documented (13); however, to our knowledge, no study has 
been conducted to assess variation in the distance between 
phrenic nerve penetration of the diaphragm and the 
distances to major thoracic structures.

Our data revealed that there was no statistically 
significance difference between males and females in 
regards to both phrenic nerve distances to the IVC, aorta 
and esophagus. Since it was shown that thoracic wall 
diameter was statistically larger in males versus females 
(P value <0.0001), we expected that males would have a 
greater distance between the phrenic nerves and major 
thoracic structures. However, this was not the case and 
the only significant relationship identified was the right 
phrenic nerve being at a greater intrathoracic depth from 
the anterior thoracic wall in males. The right phrenic 
nerves increased intrathoracic depth in males may cause 
it to be within proximity of visceral thoracic structures 
and expose it to damage associated with pathology such as 
aortic aneurysm. It has been reported that right phrenic 
nerve palsy may occur due to thoracic aortic aneurysm in 
males and this may be due to the closer proximity of the 
right phrenic nerve in males to the thoracic aorta (14). 
This possible correlation between right phrenic palsy due 

Table 1 Phrenic nerve distances

Measurement
Female mean/standard 

deviation
n

Male mean/standard 
deviation

n P value Test used

Measurements stratified by male vs. female left phrenic nerve

Lateral Wall of IVC 8.00/1.59 14 9.33/2.21 19 0.0547 Student’s t-test

Esophagus 6.65/1.47 14 7.41/1.67 19 0.1756 Student’s t-test

Descending aorta 6.68/1.87 14 7.59/1.87 19 0.1752 Student’s t-test

Lateral thoracic wall 5.03/1.66 14 5.75/1.89 19 0.2519 Student’s t-test

Anterior thoracic wall 4.96/1.56 14 5.07/2.00 19 0.8677 Student’s t-test

Measurements stratified by male vs. female right phrenic nerve

Lateral Wall of IVC 1.66/1.45 18 0.98/0.37 22 0.1725 Wilcoxon Rank Sum Test

Esophagus 4.21/1.45 18 3.91/1.20 22 0.8277 Wilcoxon Rank Sum Test

Descending aorta 5.2/1.54 18 4.60/1.73 22 0.2576 Student’s t-test

Lateral thoracic wall 8.89/1.33 18 9.52/1.87 22 0.0971 Wilcoxon Rank Sum Test

Anterior thoracic wall 6.12/2.54 18 7.92/2.20 22 0.0234* Student’s t-test

Mean/standard deviation (cm) and n (sample size) for each distance measured is shown. There was a significant difference between 
right phrenic nerve distance to the anterior thoracic wall between male and female subjects. The student’s t-test was used for normally 
distributed data and the Wilcoxon rank sum test was used for non-normally distributed data. *, statistical significance at the α =0.05 level. 
IVC, inferior vena cava.
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Figure 4 Comparison of the thoracic diameter (cm) in males 
vs. females. The Wilcoxon Rank Sum Test was used due to the 
absence of normality of the female sample. P value: <0.0001, which 
indicates statistical significance at the α =0.05 level.
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to aortic aneurysm and right phrenic nerve intrathoracic 
depth was a unique finding in our investigation and to our 
knowledge has not been documented in scientific literature 
previously. Future studies comparing the incidence of right 
phrenic nerve palsy in males and females due to thoracic 
aortic aneurysm would provide important information for 
thoracic surgeons. 

The goal of this study was to provide thoracic 
interventionalists with baseline data regarding phrenic 
nerve proximity to thoracic structures in order to prevent 
iatrogenic nerve injury during surgery. Although many 
procedures may result in nerve damage, chest tube 
placement is one of the most commonly performed 
procedures in hospital and phrenic nerve injury has 
been associated with mal placement (11). It has been 
recommended to use ultrasound guided thoracostomy 
tube placement as this may improve patient outcomes by 
lowering incidence of phrenic nerve palsy (15). If phrenic 
nerve palsy is suspected, immediate partial withdrawal may 
reduce impairment of hemidiaphragm function (16). As 
demonstrated in this study, phrenic nerve distance from the 
lateral thoracic wall may allow for better estimates regarding 
proper tube insertion depth; and could reduce incidence of 
nerve injury, especially in patients where ultrasound guided 
technique is inadequate.

In sum, this study provides data on phrenic nerve 
proximity to major thoracic structures that may be 
used to lower incidence of nerve injury during thoracic 
intervention. To note, even though males had significantly 
larger thoracic diameter than females; the only significant 
difference was that males had greater depth to the right 
phrenic nerve as measured from the anterior thoracic wall. 
This may explain an increase incidence of right phrenic 
nerve palsy in males with aortic and visceral pathology when 
compared to females and warrants further investigation. 
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