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T he anatomical course of the posterior intercostal artery (PIA) is of 
particular importance to interventional radiologists who perform 
procedures that require traversal of the posterior intercostal space 

for both diagnostic and therapeutic purposes. Percutaneous transtho-
racic interventions, such as thoracocentesis and lung biopsy, are well-es-
tablished procedures and are being performed with increasing frequency 
in clinical practice (1–9). The reported rates of PIA laceration vary within 
the literature, but the overall incidence rate is less than 1%. However, 
this figure may even be an overestimation of the actual incidence as it is 
a vanishing complication now rarely encountered in everyday practice 
(10–13). Inadvertent laceration of the PIA during percutaneous thoracic 
intervention can result in significant hemothorax and is associated with 
high rates of morbidity and mortality; thus, knowledge regarding the 
course of the PIA is of great importance. 

Despite the increasing frequency of percutaneous transthoracic inter-
vention and the availability of excellent cross-sectional imaging tech-
niques, the anatomical course of the PIA within the intercostal space 
(IS) in vivo has not been widely described in the literature, and only 
one other recent study has discussed its importance in interventional 
radiology (14). Computed tomography angiography (CTA) is a valuable 
tool for depicting vascular anatomy in a wide variety of anatomical re-
gions. With excellent spatial resolution and rapid acquisition, CTA is 
used clinically to evaluate vessels as small as 1 mm in diameter and has 
been applied to imaging of the coronary, renal, cerebral, and pulmonary 
systems (15). 

Traditional anatomical teaching suggests that the PIA lies within the 
costal groove, which is located along the inferior portion of the rib. 
However, in anatomical dissections using human cadavers, considerable 
variation has been seen in the positions of the neurovascular bundles, 
which may be located at a variable distance below the costal groove. The 
diameter of the IS in anatomical specimens has been shown to decrease 
as it courses anteriorly (16–19). 

The purpose of this study was to document the course and tortuosity 
of the PIA within the IS in vivo using CTA. 

Materials and methods 
This retrospective study was initiated following Institutional Review 

Board (IRB) approval. Seventy-five consecutive patients who under-
went CTA or CT pulmonary angiography (CTPA) for a range of clini-
cal indications over a six-month period from January to July 2009 
were included in this study. Exclusion criteria consisted of chest wall 
deformity or a history of previous thoracic surgery in 16 patients, 
pregnancy in two patients, and sub-optimal evaluation of the contrast 
bolus precluding visualization of the PIA in seven patients. Therefore, 
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PURPOSE
To document the course of the posterior intercostal artery 
(PIA) within the intercostal space (IS) in vivo using computed 
tomography angiography (CTA).

MATERIALS AND METHODS
A review of 428 IS from CTA of the chest was performed. Us-
ing multiplanar reconstruction (MPR) algorithms, the course 
of the PIA within the IS and the maximum distance of the 
PIA from the undersurface of the rib were determined in the 
4th to 8th IS at three clinically relevant points: the posterior 
paravertebral area (PPV), angle of the rib (AR), and 25 mm 
lateral to the angle of the rib (LAR). Tortuosity of the vessels 
was graded from coronal three-dimensional images.

RESULTS
The mean maximum distances of the PIA within the IS from 
the undersurface of the rib were as follows: PPV, 7.2±0.512 
mm (P = 0.0027); AR, 5.5±0.535 mm (P = 0.0487); and LAR, 
2.3±0.366 mm (P = 0.0052). At the PPV, the PIA lies halfway 
between the two ribs within the IS and lies one third of the 
way from the undersurface of the rib at the AR and comes to 
lie within the subcostal groove toward the mid-axillary line. 
The tortuosity of the vessel was highly variable and was inde-
pendent of both age and gender.

CONCLUSION
Considerable variability in vessel position was noted within 
the IS, with the PIA lying furthest from the undersurface of the 
rib in the PPV. To avoid injury, our data support the dictum 
“choose a site above the rib below,” and additional caution 
should be taken to avoid the posterior paravertebral area.
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image interpretation, the readers met 
and agreed on the CT features to be 
used to measure the PIA and designed 

a data collection form.

Image analysis
The distance of PIA from the under-

surface of the upper rib was measured 
at three clinically relevant points: the 
posterior paravertebral level (PPV), an-
gle of the rib (AR), and 25 mm lateral 
to the angle of the rib (LAR). The LAR 
point was chosen as this most accu-
rately defined the mid-axillary level. 
The maximum height of the IS was 
also calculated at the same positions. 
The results were recorded on both sides 
from the 4th to the 8th IS. 

Qualitative analysis of vessel tortu-
osity was performed using the grad-
ing system described below (Table 1). 
Tortuosity was described subjectively 
on a scale of 0 to 3 (8). A reading of 
0 described a straight vessel, running 
parallel and close to the undersurface 
of the rib, whereas a reading of three 
closely resembled a “sine wave pat-
tern.” Both interpreters reached a con-
sensus regarding the grading of the PIA 
within the IS. Tortuosity was defined 
as the deviation of the PIA from the 
undersurface of the rib according to 
the scale devised.

Statistical analysis
The Pearson’s correlation coefficient 

was calculated to measure the strength 
of the correlation of the distance of the 
PIA from the undersurface of the rib 
in the IS. This analysis was performed 
using SAS software (version 9.1; SAS 
Institute, Cary, North Carolina, USA). 
In all analyses, P < 0.05 was taken to 
indicate statistical significance.

Results
The PIA was clearly visualized in 428 

out of a possible of 500 IS; therefore, 
these vessels and their corresponding 
spaces were evaluated. There were no 
significant differences between the vis-
ualization of the PIA in the IS between 
CTA and CTPA: 87% were clearly visu-
alized with CTPA (279 of a possible 
320 IS) and 83% were clearly visual-
ized with CTA (149 of a possible 180 
IS) (P = 0.65). 

Intercostal space: The mean vertical 
width of the IS, as measured from the 
inferior border of the overlying rib to 
the superior border of the underlying 
rib, was found to increase in the crani-
ocaudal direction and decrease when 
moving laterally within the spaces 
measured in concordance with the 
results of previous anatomical dissec-
tions (P = 0.0947) (Table 2, Fig.).

Posterior paravertebral space: The 
mean maximum distance of the PIA 
below the undersurface of the rib with-
in the IS was 7.2±0.512 mm (range, 
1.9–17.5 mm). The wide range was due 
to an increase in the mean deviation in 
the caudal direction (P = 0.0027) and 
was also a consequence of inconsistent 
anatomical location (Table 3, Fig.).

Angle of the rib: The mean maxi-
mum distance of the PIA below the 
undersurface of the rib within the 
IS was 5.5±0.535 mm (range, 0–17.8 
mm). The location of the PIA within 
the intercostal space relative to the rib 
above showed a wide degree of vari-
ation, with an increase in deviation 
seen in the lower intercostal spaces 
(P = 0.0487) (Table 3, Fig.).

Lateral to the angle of the rib: Little 
deviation of the PIA from the under-
surface of the rib was observed lateral 

the study group consisted of 50 pa-
tients (male:female, 23:27) with a 
mean age of 63.7±18.77 years (range, 
21–96 years). Thirty-two patients un-
derwent CPTA and 18 patients un-
derwent CTA. Data were collected by 
a radiology resident (C.D.) and two 
board-certified radiologists (K.O.R. 
and M.M.), all of whom reported and 
logged relevant data in consensus. 

The 4th to the 8th IS were used for 
measurements as they are the most 
common positions for chest inter-
ventional radiology procedures; they 
were visualized and present in all 50 
patients and are included in the scan 
plane for both CTPA and CTA. A total 
of 428 out of a possible 500 PIA in the 
IS were evaluated; some of the arteries 
were not clearly visualized in the lower 
spaces, and this was secondary to an ei-
ther poor contrast bolus and opacifica-
tion of the vessel or not being able to 
fully evaluate the vessel entirely along 
its length. 

CTA was performed on our four-
row helical scanner (Aquilion MDCT, 
Toshiba America Medical Systems, 
Tustin, California, USA) using a stand-
ard contrast-enhanced protocol for 
CTA or CTPA. CT images were ob-
tained during patient breath-holding 
using the following parameters: 120 
kVp, 200–400 mA (depending on pa-
tient size), with a section thickness of 
2.5 mm and an axial reconstruction 
interval of 2.5×2.5 mm for CTA, and 
a slice thickness of 5 mm and axial re-
construction interval of 5×5 mm for 
CTPA. A 120-mL dose of nonionic in-
travenous contrast material (Iohexol 
300, Omnipaque, GE Healthcare, 

Milwaukee, Wisconsin, USA) was ad-
ministered with a power injector at a 
rate of 4.0 mL/s (or slower if mandated 
due to suboptimal venous access). All 
images were reviewed and reconstruct-
ed on a Vitrea Workstation (Vital 
Images Inc., Minnetonka, Minnesota, 
USA).

Multiplanar reconstructions were 
performed on a Vitrea Workstation 
(Vital Images Inc.). Images were re-
constructed in the coronal plane using 
volume-rendered maximum intensity 
projections (MIP) with a slice thickness 
of 7.00 mm and a window settings of 
1200 (width) × 300 (center). Readers were 
aware that patients were being evalu-
ated for PIA measurements, but they 
were blinded to all other clinical, path-
ological, and imaging findings. Prior to 

Table 1. Tortuosity grading system for the posterior intercostal artery within the intercostal 
space (n=248)

Tortuosity Description Grade
Intercostal space 

n (%)

Linear 0  32 (7.4)

Slight curve 1  152 (35.5)

Wavy 2  169 (39.4)

Sinusoidal 3  75 (17.5)
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Figure. Multiplanar reconstruction coronal oblique contrast-enhanced CT of the chest 
demonstrating the tortuosity of the posterior intercostal artery (PIA) in the the intercostal 
space (IS) and its maximum deviation below the undersurface of the rib calculated at the 
posterior paravertebral (PPV) level, at the angle of the rib (AR), and lateral to the angle of 
the rib (LAR). It also demonstrates the variability in tortuosity of the PIA as it lies within IS 
and thus the precise location of the PIA is difficult to predict especially at the PPV level and 
at the AR. 

to the angle of the rib, the area that ap-
proximates the mid-axillary line (mean 
deviation of 2.3±0.366 mm; range, 
0–5.2 mm). There was also less varia-
tion in the observed distance, indicat-
ing a more consistent location of the 
PIA when compared to the PPV or the 
AR (P = 0.0052) (Table 3, Fig.).

Tortuosity: Tortuosity was defined 
subjectively on a scale of 0–3 (8). Over 
75% of the PIA had either grade 1 or 2 
tortuosity. Our results showed that tor-
tuosity is highly variable, and statisti-
cal analysis showed it to be independ-
ent of both age (P = 0.79) and gender 
(P = 0.65). 

Discussion
A posterior intercostal approach is 

frequently used during interventional 
radiology procedures to gain access to 
the thoracic cavity. The anatomical 
course of the PIA is of clinical impor-
tance in this context since inadvertent 
injury during percutaneous transtho-
racic intervention can have serious 
consequences, including hematoma or 
hemothorax. While conventional ana-
tomical teaching has proposed that the 
neurovascular bundle, containing the 
PIA, lies within the subcostal groove 
in the superior portion of the IS, obser-
vations from clinical practice suggest 
significant inter-individual variability 
and aberrancy. 

Cadaveric studies have shown that 
the more cephalad PIAs originate 
about two segmental levels below their 
feeding levels, whereas the segmental 
arteries originate just below the cor-
responding vertebra for the lower tho-
racic and upper lumbar vertebrae. Each 
segmental artery then runs upward to 
reach the corresponding IS, thus giving 
a more apparent ascending course in 
the upper thoracic region. Dissection 
studies have also demonstrated consid-
erable variation in the position of the 
neurovascular bundle, which may be 
located at varying distances below the 
costal groove within the IS (16, 19, 20).

CTA demonstrates considerable 
variability in the course of the PIA. 
Medially, in the posterior paraverte-
bral region, the PIA lies approximately 
in the middle of the IS, equidistant 
from the upper and lower ribs. Moving 
laterally, the PIA deviates superiorly 
and lays approximately one third of 
the way from the superior rib at the 
AR, and comes to lie in the subcostal 
groove 25 mm LAR. It appears that the 

Table 2. Mean width of the intercostal space in the craniocaudal direction

Intercostal 
space number

Width (mm)
(mean±standard deviation)

4 12.90±2.64

5 15.40±2.96

6 17.20±3.64

7 18.59±4.85

8 20.57±4.35

Table 3. Pearson correlation coefficient was used to determine the relationship between 
the deviation of the posterior intercostal artery from the undersurface of the rib in the 
intercostal space, at the posterior paravertebral level, angle of rib, and lateral to angle of 
the rib

Level
PIAa

(n=428)
ISa

(n=428) P

PPV 7.19±0.51 14.6±2.8 0.0027

AR 5.51±0.53 153±2.4 0.0487

LAR 2.26±0.36 12.3±2.1 0.0052

PIA, posterior intercostal artery; IS, intercostal space; PPV, posterior paravertebral level; AR, angle of rib; 
LAR, lateral to angle of the rib.
ameasured in mm, mean±standard deviation.
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rib offers more protection to the PIA 
laterally than medially, thus favoring 
the mid-axillary line approach for tran-
sthoracic interventions and avoidance 
of the paravertebral space (14).

In a caudal direction, from the 4th 
to the 8th intercostal space, there is a 
significant increase in the mean width 
of the IS allowing the PIA to dip more 
significantly into the IS at the lower 
levels. Conversely, there is a significant 
progressive decrease in the mean width 
of the IS when traveling laterally, with 
a maximal width at PPV. This results in 
a decrease in the lateral vulnerability of 
the PIA as it dips less into the IS. 

Vessel tortuosity grades indicated 
that this was also unpredictable, inde-
pendent of both age and gender, and 
could be either straight or extremely 
complex in shape and location. This 
differs from the results of a previous 
study by Choi et al. (15) who examined 
only 160 IS, but concluded that there 
was increased tortuosity of the vessel 
with increasing age; this was not ob-
served in the present study (P = 0.79) 
and there were no differences between 
the right and left sides. 

Thus, while cadaveric specimens 
have shown variability of the PIA with-
in the IS, the present study defined its 
position in vivo using CTA. While this 
study was limited by the small number 
of patients, our data support the con-
clusion that the PIA is variable in posi-
tion and tortuosity, particularly at the 
PPV junction. In addition, our study 
was limited to a four-slice MDCT, and 
with the advent of 64-slice imaging, 
image quality and vascular anatomy 
can now be much better defined.

In conclusion, our data suggest the 
presence of high variability and tortu-
osity of the PIA, particularly at the PPV 

and AR. While the principle of “choos-
ing a site above the rib below” is en-
dorsed in the context of percutaneous 
transthoracic intervention, we would 
advocate the addition of increased cau-
tion to avoid the posterior paraverte-
bral space to this dictum, as there is a 
potentially increased risk of inadvert-
ent vessel injury in this area.
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