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PURPOSE

To determine the normal anatomic features and variations of
the internal mammary arteries (IMAs) and to describe the re-
lationship between the diameter and distance to the sternal
edge of the IMAs, gender, and location (right-left) of the IMAs
in patients who underwent multidetector computed tomog-
raphy (MDCT) angiography of the thorax for various reasons.

MATERIALS AND METHODS

A total of 164 patients who underwent MDCT angiography of
the thoracic vascular structures for various reasons were ana-
lyzed retrospectively. The right and left IMAs were analyzed
individually, and normal anatomic features and variations
were recorded. The relationships between gender, side and
diameter of the IMAs, and distance to the sternal edge of the
IMAs were evaluated.

RESULTS

There were 328 (164 right, 164 left) IMAs in 164 patients (110
males, 54 females; mean age, 43.96 years). A total number
of five arteries (1.5%) had anatomic variation. Whereas 325
IMAs had an origin separate from the subclavian artery, three
LIMA of the 328 arteries (0.91%) had a common origin with
the thyrocervical trunk or costocervical trunk. Two (0.6%)
IMAs (one LIMA and one RIMA) in the same patient were du-
plicated at the level of the first and second costal cartilage.
There were no statistically significant correlations between
age and diameter or between gender and diameter of the
RIMA and LIMA at the origin and level of tracheal bifurcation
(P> 0.05). Mean distance between the lateral margin of the
sternum and midpoint of LIMA and RIMA were 12.42 mm and
13.00 mm, respectively.

CONCLUSION

The normal anatomic features and variations of the IMAs have
an important role in cardiovascular bypass surgery, breast
reconstruction, and percutaneous transthoracic procedures.
MDCT angiography allows a precise and detailed evaluation
of IMAs.
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he internal mammary artery (IMA) has become more important

in recent years. First, it is one of the bypass arteries in cardiovas-

cular surgery. The left internal mammary artery (LIMA) is the first
choice in coronary artery bypass grafting because of reduced cardiac
events and superior graft patency (1, 2). With their adequate size, IMAs
are suitable recipient vessels for free tissue transfers, especially in breast
reconstruction (3). Moreover, their anatomic descriptions are important
for percutaneous transthoracic procedures, such as needle biopsy of the
lung (4). Complications have been reported, although most of these pro-
cedures are performed safely (5). This area is also used for subclavian
vein catheterizations. For all these reasons, it is important to be aware
of all variations in the origin, branching pattern, course, and diameter
of the IMA.

The IMA usually has an origin separate from the first part of the sub-
clavian artery that is proximal to the anterior scalene muscle. This ar-
tery occasionally has a common origin with the other branches of the
subclavian artery, such as the thyrocervical trunk, scapular artery, dorsal
scapular artery, thyroid artery, or costocervical trunk (6-8). It first runs
ventral to the pleural cupola, passing the brachiocephalic vein under-
neath. Then, the artery descends dorsal to the sternoclavicular joint and
costal cartilages and ventral to the parietal pleura. It then runs between
the transversus thoracis muscle and intercostal muscles and branches off
to each intercostal space. At the end, the IMA divides into the superior
epigastric artery and musculophrenic artery between the sixth and sev-
enth costal cartilage (9-11).

Digital subtraction angiography (DSA) is regarded as the gold stand-
ard in the evaluation of vascular structures, although its invasive nature
significantly limits its role. With recent advances in multidetector com-
puted tomography (MDCT) technology, even vascular structures with
very small diameters can be depicted easily, and as a consequence, the
number of the invasive DSA examinations has been reduced (12-17).

The aim of this study was to evaluate the normal anatomic features
and variations of the IMAs and to determine the relationship between
age, gender, location (right/left), diameter, and distance to the sternal
edge of the IMA in patients who underwent MDCT angiography of the
thorax for various reasons.

Materials and methods
Patients

Approval for this retrospective study was obtained from our institu-
tional review board. A total of 193 patients who underwent computed
tomographic (CT) angiography of the arcus aorta and its branches for
various reasons from January 2009 through February 2011 were ana-
lyzed retrospectively. Twenty-nine patients were excluded because of
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a history of bypass surgery (n=21) or
suboptimal CT angiography examina-
tion (n=8). The remaining 164 patients
(mean age, 49.36 years; range, 19-91
years) were included in our study. One
hundred and ten were men (mean age,
47.42 years; range, 19-91 years) and
54 patients were women (mean age,
54.24 years; range, 21-75 years).

CT protocol

CT angiography examinations were
performed using a 64-detector scan-
ner (Aquilion 64, Toshiba Medical
Systems, Otawara, Japan). In the stand-
ard CT protocol for thoracic and arcus
aorta CT angiography examinations, a
scanogram area from the middle cervi-
cal spine to the middle lumbar spine
level in a supine position was adopted
as the field of view (FOV). An 18- to
20-gauge angiocath needle was used
to inject 90-130 mL of non-ionic iodi-
nated contrast media into the patient’s
antecubital vein. Bolus-tracking meth-
od was used with an automatic injector
at a rate of 5 mL/s and 30 mL of saline
solution at a rate of 3 mL/s (Medrad
Stellant D Dual Syringe CT Injection
System, Indianola, Pennsylvania,
USA). The region of interest was locat-
ed at the proximal descending aorta,
and the threshold value for CT an-
giography was set at 150 HU. Helical
scanning was automatically initiated
when the threshold was surpassed.
Scan parameters were 120 kV, 300 mA,
and 400 ms rotation time with a slice
thickness of 0.5 mm and increments of
0.4 mm, using a detector collimation
of 64x0.5 mm (pitch, 0.64).

All of the obtained axial images
were transferred to a workstation.
Postprocessed multiplanar-reformatted
(MPR), maximum-intensity projection
(MIP), and three-dimensional volume-
rendering (3D VR) images were used
for evaluation.

Vascular system analysis

The raw data axial images obtained
by MDCT angiography and post-
processed MPR and MIP and 3D VR
images were evaluated by two radi-
ologists (with three and six years of
experience in cardiovascular imag-
ing), and the decisions were made in
consensus. The normal anatomy and
variations in the origin of the right
and left IMAs were analyzed, and
the anatomic features and variations
were recorded. We also evaluated the

Table 1. The diameters of the internal mammary arteries

Male Female
Diameter at the origin RIMA Mean+SD 2.56+0.52 2.57+0.44
Median 2.5 2.5
LIMA Mean+SD 2.56+0.46 2.54+0.51
Median 2.5 2.5
Diameter at the level of ~ RIMA Mean+SD 2.30+0.42 2.34+0.31
the tracheal bifurcation
Median 23 2.4
LIMA Mean+SD 2.29+0.45 2.35+0.43
Median 23 23

RIMA, right internal mammary artery; LIMA, left internal mammary artery; SD, standard deviation.

diameter of the right internal mam-
mary artery (RIMA) and LIMA at the
origin, the diameter of the RIMA and
LIMA at the level of tracheal bifurca-
tion, and the distance between the
lateral margin of the sternum and the
midpoint of LIMA and RIMA at the
level of tracheal bifurcation in all 164
patients.

Statistical analysis

Percentage (%) for categorical data
and median (min-max) values for con-
tinuous data were used in descriptive
statistics. Because our study group did
not show normal distribution, nonpar-
ametric tests were used. Mann-Whitney
U test was used to compare male and
female measures, and Wilcoxon signed
rank tests were used to compare the
left and right sides. Spearman rank cor-
relation coefficients were calculated to
show relationships between measures.
We analyzed the data to determine the
following:

1. Differences of LIMA and RIMA dis-
tances to the sternum in relation
to gender and age.

2. Differences of LIMA and RIMA di-
ameter in relation to gender and
age.

Correlation among gender, side, age,
the diameter of RIMA and LIMA, and
the distance between the sternal edge
of RIMA and LIMA were assessed with
the Mann-Whitney U test and chi-
square test. All statistical analyses were
made using Statistical Package for the
Social Sciences software (version 15.0,
SPSS Inc., Chicago, Illinois, USA). P
values less than 0.05 were accepted as
significant.
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Results

A total number of 328 IMAs (164
right, 164 left) were detected in 164
patients (Figs. 1 and 2). All of the IMAs
arose from the first part of the subcla-
vian arteries. A total of five arteries
(1.5%) had anatomic variation. Three
of the 328 arteries (0.91%), which were
LIMA, had a common origin with the
thyrocervical trunk (n=1) and costocer-
vical trunk (n=2) (Fig. 3). On the other
hand, the remaining 325 IMAs had an
origin separate from the subclavian ar-
tery. Two (0.6%) IMAs (one LIMA and
one RIMA) in the same patient were
partially duplicated at the level of the
first and second costal cartilage (Fig. 4).

Diameters of the origin of the LIMA
and RIMA ranged from 1.4 to 3.7
mm (mean, 2.56 mm; median, 2.50
mm) and 1.2 to 4.2 mm (mean, 2.58
mm; median, 2.50 mm), respectively.
Diameters of the LIMA and RIMA at
the level of the tracheal bifurcation
ranged from 1 to 3.3 mm (mean, 2.29
mm; median, 2.30 mm) and 1 to 3.1
(mean, 2.30 mm; median, 2.30 mm),
respectively. In male and female pa-
tients, the diameters of the LIMA and
RIMA at the origin and the level of the
tracheal bifurcation are presented in
Table 1. There were no statistically sig-
nificant correlations between age and
diameter and between gender and di-
ameter of the RIMA and LIMA at the
origin and level of the tracheal bifurca-
tion (P > 0.05) (Fig. 5).

The distance between the lateral
margin of the sternum and midpoint
of LIMA and RIMA (at the level of the
tracheal bifurcation) ranged from 7 to
18 mm (mean, 12.42 mm; median, 12
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mm) and 8 to 21 mm (mean, 13.00
mm; median, 13.01 mm), respectively
(Table 2). The mean distance of RIMA
from the sternal edge was calculated
higher than LIMA (P < 0.001). There
were no statistically significant correla-
tions between age and the distance to
the sternum or between gender and the
distance to the sternum of the RIMA
and LIMA at the level of the tracheal
bifurcation (P > 0.05) (Fig. 6).

Discussion

In recent years, the IMA has become
important for cardiovascular surgery,
plastic surgery, and interventional ra-
diology for many reasons. In evalua-
tion of the normal anatomic features
and variations of the IMAs, anatom-
ic, angiographic, and CTA research
methods have been used so far. These
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Figure 1. a—c. Axial (a, b) and coronal MIP (c) CT angiography images show origins and
parasternal courses of the RIMA and LIMA (arrowheads) in a 46-year-old man. RIMA and LIMA
arise from the right and left subclavian arteries (thick arrows) separately. Thin white arrows show
right and left common carotid arteries. AsA, ascending aorta; PA, main pulmonary artery; *,

tracheal bifurcation.

Figure 2. a, b. Oblique coronal MIP (a) and posteroanterior oblique coronal view volume

rendered (b) CT angiography images show an origin and course of the IMA (thin arrows)
that originates from the subclavian artery (thick arrow) and continues as the superior
epigastric artery (thin black arrow). Arrowhead (b) shows vertebral artery.

Table 2. The distance between the lateral margin of the sternum and the midpoint of

internal mammary arteries

Male Female
RIMA to sternal edge Mean+SD 13.26+2.50 12.47+2.87
Median 13 13
LIMA to sternal edge Mean+SD 12.79+2.38 11.67+2.46
Median 13 12

RIMA, right internal mammary artery; LIMA, left internal mammary artery; SD, standard deviation.
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Figure 3. a, b. Oblique coronal MIP (a)
and posteroanterior oblique coronal view
volume rendered (b) CT angiography
images show that the origin and course of
the LIMA (thin white arrows) arise from the
left subclavian artery (thick white arrows)
as a common trunk with costocervical
trunk (black arrows) in a 49-year-old man.
Arrowheads show left vertebral artery. AA,
arcus aorta; PA, pulmonary artery.

Figure 4. a—c. Axial (a), sagittal MIP (b), and posteroanterior coronal view VR (c) CT anglography images show partially duplicated IMAs on both
sides in a 62-year-old man. LIMA (thin arrows) and RIMA (thick arrows) duplicate at the level of the first and second costal cartilage, respectively.
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Figure 5. a, b. The relationship between gender and diameter of the LIMA and RIMA at the origin (a) and the level of the tracheal bifurcation
(b) are shown.
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Figure 6. The relationship between gender and the distance to the sternum of the LIMA and
RIMA at the level of the tracheal bifurcation is shown.

methods have different advantages
and disadvantages. Therefore, different
prevalences have been reported for the
variation, course, and diameter of both
RIMA and LIMA. In anatomic studies,
the difficult nature of dissecting the
fine caliber vascular structures is a ma-
jor limitation in detecting the IMA. In
angiographic studies, the difficulty of
cannulating the fine caliber IMA and
the invasiveness of the procedure are
major limitations.

Recent developments in the detector
technology of MDCT have allowed the
depiction of the wvascular structures,
even the fine caliber ones, with high
spatial resolution in a very short time
(12-17). Although there is a study in-
vestigating the IMA with devices with
single detectors (5), these devices have
longer acquisition times and higher
slice thicknesses than devices with 64
detectors and above. These factors can
lead to a reduction of spatial and con-
trast resolutions of the images and an
increase in respiratory and other mo-
tion artifacts. MDCT angiography al-
lows the scanning of a large FOV area
in a shorter scanning time; 3D analy-
ses with MIP, MPR, and VR techniques;
detection of the variations of the IMA;
and the measurement of the diameter
and distance from the sternum. Despite
these important advantages, the X-ray
requirement is the most obvious disad-
vantage of this technique (17).

According to its relationship to the
anterior scalene muscle, the subcla-
vian artery is divided into three parts.
IMA normally arises from the first
part of the subclavian artery. Daseler
and Anson (18) found six of the 769
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arteries (0.78%), and Vorster et al.
(19) found one artery (0.83%) arising
from the third part of the subclavian
artery. In our study, all of the IMAs
arose from the first part of the sub-
clavian artery. The IMA occasionally
has a common origin with the other
branches of the subclavian artery,
such as the thyrocervical trunk, scapu-
lar artery, dorsal scapular artery, thy-
roid artery, or costocervical trunk (6-
8). In our study, three (two LIMA and
one RIMA) of the 328 arteries (0.91%)
had a common origin with the thy-
rocervical trunk and costocervical
trunk. Conversely, the remaining 325
IMAs had an origin separate from the
subclavian artery. This finding can be
important in cardiovascular bypass
surgery. The bypass grafts with LIMA,
which have a common origin, must
be examined after the surgery. We did
not find a variation of the IMA in the
literature as seen in our case, shown
in Fig. 3. In this patient, two (0.6%)
IMAs (one LIMA and one RIMA) in the
same patient were partially duplicated
at the level of the first and second cos-
tal cartilage.

For breast reconstruction with free
flaps, the vessels in the axilla are the
most common recipient vessels. But
after radiotherapy, these vessels tend
to be small and vulnerable. In 1980,
Harashina et al. (20) reported that the
IMA can be used in breast reconstruc-
tion with a free groin flap. Hefel et al.
(3) reported that with their predict-
able anatomy and adequate size, the
IMA is a suitable artery for free tissue
transfer in reconstructive surgery of
the thoracic region, especially in breast

reconstruction. In this cadaveric study,
they found that the smallest diameter
of the artery was 0.99 mm. They also
mentioned that the IMA diameter dif-
fers significantly in the left and right
sides in the female. In our study, with
MDCT angiography, we found that the
smallest IMA diameter was 1.2 mm.
We did not find any differentiation
with the right and left sides, or with
gender. Furthermore, we did not find
a correlation between the diameters
of the IMAs and age. This finding is
in accordance with Hefel et al. (3) and
Dignan et al. (21).

The variations of the origin of the
IMA mentioned in the literature (6-8,
18, 19) are located away from the side
of surgical approach at the fourth in-
tercostal space and do not interfere
with surgery. However, we found two
duplicated IMAs (one RIMA and one
LIMA) in the same patient at the level
of the second rib. This location is very
close to the surgical approach, and the
surgeon must be aware of the possibil-
ity of variations like those in our case.

For the biopsy of pulmonary and
mediastinal lesions and the drainage of
pleural collections, many intervention-
al physicians recommend the anterior
mediastinal approach (22, 23). In this
procedure, the inadvertent puncture of
the IMA is potentially fatal. Glassberg
and Sussman (24) reported two cases
of life-threatening hemorrhage due to
percutaneous transthoracic interven-
tions in 1990. Oh et al. (4) reported
that above the first rib, there is a safe
biopsy window on the majority of
sides (70.1%). They also mentioned
that the vast majority of the IMAs are
in contact with the brachiocephalic
vein and can be identified from its typ-
ical appearance.

Glassberg et al. (5) measured dis-
tance to the sternal edge of 100 IMAs
on both sides at the level of the aortic
arch and main pulmonary artery. They
found the mean distance 1.47+0.30 cm
on the left and 1.57+0.30 cm on the
right side. In their cadaveric study,
Hefel et al. (3) found the mean diam-
eter 14.53 mm on the left and 14.97
mm on the right side. In our study, we
found the distance between the lateral
margin of the sternum and the LIMA
or RIMA (at the level of the tracheal
bifurcation) ranged from 7 to 18 mm
(mean, 12.42 mm; median, 12 mm)
and 8 to 21 mm (mean, 13.00 mm;
median, 13.01 mm), respectively. For
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interventional procedures from the an-
terior approach, we suggest a diameter
greater than 2.2 cm from the lateral
margin of the sternum. This value is
close to the 2.5 cm that is mentioned
by Glassberg et al. (5). In our study, we
found that the diameter of the RIMA
from the sternal edge was higher than
the LIMA (P < 0.001), although we be-
lieve that this finding is likely to be
without major clinical consequences.

Because the artery must be large
enough and easily accessible for anas-
tomoses, the IMA diameter is impor-
tant in breast reconstruction. In our
study, we analyzed the CT angiogra-
phy of the arcus aorta and its branch-
es; thus, we could not demonstrate all
side and end branches of the IMA, es-
pecially the superior epigastric artery.
Henriquez-Pino et al. (25) reported
that the pericardiacophrenic artery
originated from the IMA in 89% of 100
dissected cadavers.

In conclusion, its important loca-
tion, adequate size, and predictable
anatomy make the IMA a suitable re-
cipient vessel for free tissue transfer,
especially in breast reconstruction.
Although the LIMA is the artery of
choice in coronary artery bypass graft-
ing, we think surgeons must be aware
of rarely seen variations. For interven-
tional procedures from the anterior ap-
proach, we suggest a distance greater
than 2.2 cm from the lateral margin of
the sternum to avoid iatrogenic dam-
age of IMAs. For all these considera-
tions, MDCT angiography allows 3D
analysis with MIP, MPR, and VR tech-
niques in the demonstration of normal
anatomic features. It is also useful for
measuring the diameter and distance
from the sternum and detecting varia-
tions of the IMAs.
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