
The cervicothoracic junction (CTJ)—defined as C7–T4—
is a technically challenging level for spine surgery.1-3) One 
of the challenges associated with CTJs in spine surgery is 
that the lateral fluoroscopic view of CTJ can be obscured 
by the upper extremity. In the posterior approach, the 
surgeon must solely rely on anteroposterior images, and 
the lateral view may not be helpful in assessing implant 
position. Furthermore, in the anterior approach, unlike 
the subaxial cervical spine, bony structures (including the 
sternum and clavicle) and other structures (such as the 
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great vessels, thoracic duct, and sympathetic ganglion) 
obstruct the surgical corridor. Additionally, the tilted ac-
cess to the kyphotic thoracic spine makes CTJ surgery 
more difficult.3,4) The anterior approach around the T4 
level is further challenging because of the transverse left 
brachiocephalic vein (BCV).1,4) Although some researchers 
have reported that the left BCV can be safely ligated and 
resected, such techniques should be reserved for extreme 
cases considering the complications.5)

Notably, wide exposure is required for safe and ef-
ficient surgery in cases where the anterior approach is 
required for CTJ. Moreover, wide exposure is particularly 
important in tumor cases that may require total en bloc 
spondylectomy (TES) rather than piecemeal removal, and 
in such cases, even manubriotomy may be unavoidable. 
Falavigna et al.2) introduced a simple radiological algo-
rithm to determine whether a manubriotomy is required 
in the anterior approach for CTJ. The decision to perform 
a manubriotomy was made based on a surgeon’s line of 
sight (inferior plateau of superior healthy vertebra) using 
mid-sagittal computed tomography (CT) images. Specifi-
cally, the conventional corridor for the anterior approach 
of CTJ is the space between the right subclavian artery/
common carotid artery (CCA) and the left CCA; addi-
tionally, the middle corridor and inferior corridor (IC) 
have been introduced in previous studies.3,6) Huang et al.1) 
radiologically evaluated the accessible levels of these three 
corridors using CT images via simple transverse lines. 
However, we suspected that the use of transverse lines, 
which they used to determine the accessible level, could 
lead to erroneous results as the curvature of the spine 
was not considered. Therefore, we analyzed the accessible 
CTJ levels using different anterior corridors according to 
the surgeon’s line of sight considering vascular anatomy. 
As the intraoperative manipulation and retraction of the 
great vessels may lead to hemodynamic changes, we also 
analyzed the morphology and measurements of relevant 
vessels encountered during the approach.

METHODS
This study was approved by the Institutional Review 
Board of Kyungpook National University Hospital (No. 
2020-07-014-001). Informed consent was waived due to 
the retrospective nature of this study. Neck CT angiogra-
phies ordered from our department between January 2015 
and May 2020 were retrospectively reviewed in the study. 
Neck CT angiographies were performed before anterior 
cervical surgery in cases that have the potential of intraop-
erative uncinectomy or to confirm the suspected aberrant 

vertebral artery in magnetic resonance imaging (MRI). 
The inclusion criterion was patients aged >20 years. Exclu-
sion criteria were patients with acute trauma, as they may 
have distorted vascular anatomy, and patients with images 
that did not include the aortic arch (AA) and pulmonary 
artery. Based on the coronal images, we measured the 
intercarotid artery angle (ICAA), the intercarotid artery 
distance (ICAD), the shape of the brachiocephalic trunk 
(BCT), the position of the BCT base, and the type of the 
AA. In addition, based on the sagittal images, for each 
case, we measured the most cranial level requiring manu-
briotomy for the anterior approach (ML), the most caudal 
level accessible through the superior corridor (SC), and 
the most caudal level accessible through IC according to 
the surgeon’s line of sight. Moreover, the levels measured 
in the sagittal view were categorized as follows: vertebral 
body level divided into three levels (upper, middle, and 
lower) and the disk space.

ICAA, which is useful when using SC, was mea-
sured as the angle between the left CCA and right BCT 
(the branch point of the right CCA from the right bra-
chiocephalic artery [BCA], the midpoint of the right BCA 
and CCA, and the point with a height similar to that of the 
left CCA) (Fig. 1A). In addition, the greater the ICAA, the 
lower the retraction tension on the vessels during the an-
terior approach of the CTJ. ICAD was measured between 
the base of the right BCT and the base of the left CCA 
(Fig. 1B). Notably, a larger ICAD provides a wider surgi-
cal view of the vertebral pathology. Further, the location of 
the BCT base was classified as follows: in the body (within 
the pedicles) (Fig. 2A), on the edge of the body (medial 

ICAAICAA
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L-CCAL-CCA

ICADICAD

BCABCA

Fig. 1. Coronal computed tomography images of the cervicothoracic 
spine. (A) A dotted line surrounds the left common carotid artery (L-CCA), 
a dashed line surrounds the brachiocephalic trunk, and a densely 
dashed line surrounds the aortic arch. The angle between the two solid 
lines makes intercarotid artery angle (ICAA). (B) A densely dashed line 
surrounds the brachiocephalic artery (BCA), and a dotted line surrounds 
the L-CCA. The distance between the base of each structure indicates 
intercarotid artery distance (ICAD). 
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pedicle margin to lateral border of the vertebral body) (Fig. 
2B), and outside the vertebral body (Fig. 2C). In addition, 
the BCT morphology was divided into straight, convex, 
and angled (> 90°) types (Fig. 3). Moreover, the AA branch 
type was divided into the following branches: normal, bo-
vine AA, isolated left vertebral artery, and aberrant right 
subclavian artery.7)

We measured ML, SC, and IC on mid-sagittal CT 
images showing the most prominent vertebral spinous 
process (Fig. 4). Furthermore, SC—evaluated using the 
suprainnominate window—is at the level of the surgeon’s 
line of sight, touches the superior end of the left BCV, and 
is the most distal level accessible via minimal great ves-
sel retraction. IC—evaluated using the subinnominate 
window—refers to the level directly above the pulmonary 
artery.6)

RESULTS
Overall, 55 patients underwent neck CT angiography, and 
finally, 49 patients (28 men and 21 female) who met the 
inclusion and exclusion criteria were included. The mean 
age of the patients was 57.78 ± 14.68 years (range, 25–84 
years). For the coronal measurements of the entire cohort, 
the mean ICAA and ICAD were 50.83° ± 15.23° and 33.38 
± 12.11 mm, respectively. Notably, the BCT base was most 
commonly located inside the body (49%). Moreover, the 
BCT shape was of the convex type in most cases (42.9%), 
followed by the straight type (36.7%) (Table 1). For mea-

BCTBCT

AA

Outside the bodyOn the edge

of the body
Within the body A B C

AA AA

BCTBCT BCTBCT

Fig. 2. Location of the brachiocephalic trunk (BCT) base. (A) Within the vertebral body. (B) On the edge of the vertebral body. (C) Outside the vertebral 
body. AA: aortic arch.

Fig. 3. A representative case of an angled type brachiocephalic trunk. Fig. 4. Mid-sagittal computed tomography image of the cervicothoracic 
spine. The solid straight line above indicates the most cranial level 
requiring manubriotomy (ML). The straight dashed line represents the 
accessible level through the superior corridor (SC). The straight densely 
dashed line indicates the most accessible level through the inferior 
corridor (IC). The other dotted and dashed lines encircle the innominate 
vein (IV), common carotid artery (CCA), aortic arch (AA), and pulmonary 
artery (PA).
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surements in terms of sex, ICAA (53.90° ± 13.88°, p = 
0.069) and ICAD (37.01 ± 12.57 mm, p = 0.013) were sig-
nificantly greater in men than in women. Although most 
male patients had the BCT base inside the body (64.3%), 
most female patients had the BCT base at the edge of the 
body (47.6%) (p = 0.019) (Table 2). For the sagittal mea-
surements, ML was distributed from the T1 upper body to 

the T3 midbody level. ML showed the highest frequency 
(16.3%) in the T1 lower and upper bodies. Notably, the 
most caudal levels of SC and IC were T4 lower body and 
T6 midbody, respectively. SC showed the highest frequen-
cy (16.3%) in the T3 lower body, and IC showed the high-
est frequency (20.4%) in the T5 midbody (Fig. 5).

DISCUSSION
Spine surgery involves the use of different corridors, such 
as the anterior, posterior, and lateral corridors. Unlike 
posterior vertebral column resection, which could be per-
formed in a piecemeal fashion, TES requires laminectomy 
and vertebrectomy in an en bloc fashion, which is techni-
cally more demanding. Some studies have reported that 
TES can be achieved using the posterior-only approach; 
however, when TES needs to be performed on a large tu-
mor mass, a combined anterior and posterior approach 
is required to achieve an adequate margin. Louie et al.8) 
reported two cases of TES successfully performed using 
a posterior-only approach. Notably, these cases invaded 
the vertebral body without involving the anterior portion, 
thereby eliminating the need for an anterior release. They 
concluded that a posterior-only approach is possible at 
the level of the superior thoracic or thoracolumbar junc-
tion when the pathology is restricted to the vertebral body 
without invading adjacent organs and blood vessels and 
when at least one pedicle or lamina is mostly tumor-free. 
In particular, a surgical procedure using a posterior-only 
approach at the level of CTJ is associated with a high po-
tential risk owing to the blind manipulation of major ves-
sels located anterior to the body.9-12)

Cohen et al.6) first introduced IC (also known as the 
interaortocaval subinnominate window), a novel corridor 

Table 1. Anatomical Measurements of the Whole Cohort

Parameter Value

ICAA (°) 50.83 ± 15.23

ICAD (mm) 33.38 ± 12.11

BCT base

    Inside body 24 (49.0)

    Body edge 19 (38.8)

    Outside body 6 (12.2)

BCT shape

    Straight 18 (36.7)

    Convex 21 (42.9)

    Angled 10 (20.4)

Values are presented as mean ± standard deviation or number (%).
ICAA: intercarotid artery angle, ICAD: intercarotid artery distance, BCT: 
brachiocephalic trunk.

Table 2. Anatomical Measurements of the Patients According to 
Sex

Parameter Male (n = 28) Female (n = 21) p-value

ICAA (°) 53.90 ± 13.88 46.73 ± 16.30 0.069*

ICAD (mm) 37.01 ± 12.57 28.55 ± 9.78 0.013*

BCT base 0.019†

    Inside body 18 (64.3) 6 (28.6)

    Body edge 9 (32.1) 10 (47.6)

    Outside body 1 (3.6) 5 (23.8)

BCT shape 0.294†

    Angled 13 (46.4) 5 (23.8)

    Convex 10 (35.7) 11 (52.4)

    Straight 5 (17.9) 5 (23.8)

Values are presented as mean ± standard deviation or number (%).
ICAA: intercarotid artery angle, ICAD: intercarotid artery distance, BCT: 
brachiocephalic trunk.
*Mann-Whitney test. †Fisher’s exact test.
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of anterior approach at CTJ, and compared to the use of 
the conventional corridor, it was possible to expose more 
distal portions with the use of the conventional corridor. 
Specifically, in this case report, proximal screw fixation 
and T2 corpectomy were performed via the conventional 
corridor, and only distal screw fixation was performed 
via the subinnominate window. Notably, the boundaries 
of this window are the superior vena cava (SCV), trachea, 
and esophagus on the right and AA on the left. We found 
that fixing the screw using a protective sleeve is possible; 
however, the sleeve may be narrow for TES.

Xiao et al.3) introduced the space between the right 
CCA/BCA and right BCV as well as between the right 
AA and SVC (C3), which is not the conventional corridor 
between the right CCA/BCA and left CCA. Based on the 
results of the analysis of 28 cases requiring an anterior 
approach of the upper thoracic spine, with the use of cor-
pectomy, surgeons could reach up to the T3, T4, and T5 
levels for the superior, middle, and ICs, respectively, with 
satisfactory results. Huang et al.1) examined each of these 
corridors using CT. Moreover, the level of most caudal 
accessibility seen in the coronal scout image of each key 
structure observed in the mid-sagittal plane was analyzed, 
and it was reported that the T6 level could be reached us-
ing the IC. However, this method does not take into ac-
count the sagittal inclination indicated by each level, and 
when applied in this way, excessive retraction of the soft 
tissues (particularly the vessels) is required; however, the 
over- or underestimation of the actual possible level might 
occur. Mirjalili et al.13) analyzed the tracheal bifurcation, 
which is one of the anatomical obstacles of IC, using CT; 
however, it has been considered that there will be limita-
tions in the actual use of the corridor when calculating via 
a simple horizontal line alone that does not account for 
sagittal curvature. In our study, IC could reach the T6 level 
but not the T6–7 disk level or even the T6 lower body. 

Therefore, according to the results of our study, a corpec-
tomy of T6 via the anterior approach would be technically 
challenging or even impossible. For the actual clinical ap-
plication, considering the surgeon’s line of sight by draw-
ing a parallel line at the index level on the sagittal image is 
considered to be more clinically relevant as it is possible to 
secure the working space.

Among our cases, a 56-year-old male patient had a 
collapsed T2 vertebral body with a mass extending out-
side the body on MRI. The patient was diagnosed with a 
giant cell tumor via a CT-guided biopsy. We considered 
TES for this case because en bloc resection demonstrated 
a low recurrence rate. Moreover, because the lesion was 
located close to the vulnerable organs, we decided to first 
perform the posterior approach and then remove the mass 
via the anterior approach. After posterior fixation of the 
two levels above and two levels below with decompres-
sion through the posterior approach, the chest surgeon 
(THO) performed the anterior approach with combined 
manubriotomy (Fig. 6). However, after we retracted the 
BCT to expose the tumor, the blood pressure of the patient 
significantly declined and recovered after removing the 
retractor. Therefore, we could only release the soft tissues 
and were unable to remove the lesion from the anterior 
approach. Moreover, removal was eventually performed 
using the posterior approach, and a mesh cage was placed 
anteriorly (Fig. 7). After reviewing the CT angiography 
images, we found that the patient had an angled-type BCT, 
short ICAD, and a BCT base located within the body. We 
hypothesized that the excessive vessel retraction due to the 
angled shape of the BCT resulted in compression of the 
baroreceptor of the carotid bulb. Notably, after the carotid 
sinus and AA send afferent signals to the cardiovascular 
control center via the glossopharyngeal nerve, this input, 
in turn, stimulates the parasympathetic tone and inhibits 
sympathetic tone. This lowers the heart rate and reduces 

A B C D

Fig. 6. A case requiring manubriotomy. (A) Manubriotomy was necessary according to the surgeon’s line of view. (B) Skin incision above the manubrium. 
(C) Vertical opening of the manubrium. (D) Working space exposure with a self-retaining retractor placed on the manubrium.
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blood pressure.14) Therefore, we measured the shape of 
BCT, ICAA, ICAD, and the location of BCT which may 
influence the intraoperative manipulation and retraction of 
the BCT in order to expose the spine pathology.

The results of our study revealed that most patients 
had a BCT shape of convex or straight type. Although the 
angled BCT shape, which could hinder the surgical ap-
proach, was the least common type of BCT, its incidence 
was 20%, which cannot be neglected. Notably, men tended 
to exhibit a wider surgical corridor than female as they 
had a significantly greater ICAA and ICAD. In addition, 
men were more likely to have their BCT base inside the 
body, whereas women more often had their BCT base on 
the edge of the body, thereby making the approach more 
difficult.

We found that the accessible level with the use 
of different corridors varied from person to person. 
Although ML ranged from T1 body upper to T3 body 
middle, SC ranged from T1 body lower to T4 body lower 
and IC ranged from T3 body middle to T6 body middle. 
When preparing for the anterior approach on CTJ, we rec-

ommend using a two-step plan: First, using a mid-sagittal 
CT image based on the surgeon’s line of sight to determine 
which corridor is appropriate; Second, analyzing the coro-
nal images to assess the morphology of the great vessel be-
fore approaching the corridor. We also found that the SC 
(the traditional corridor) is the most clinically applicable 
of all the corridors. Using SC is a method of retracting the 
esophagus and trachea to the right and the left BCT and 
CCA to the left. Notably, retraction force is low in this 
method, resulting in less possibility of recurrent laryngeal 
nerve (RLN) injury; moreover, less BCV manipulation 
minimizes the risk of venous injury. Another consider-
ation is that when the contact point of BCT and BCV is 
higher than the index level, removing the entire vertebral 
body is difficult because a clear view below cannot be 
secured. Therefore, when the contact point of BCA and 
BCV is lower than the index level, the anterior approach 
is implemented after the posterior approach, and when 
the contact point is higher than the index level, posterior 
resection after anterior release is considered safer. When 
performing the approach posteriorly, the rib is cut and 

A B C D
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CranialCranial
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Common carotid artery

CaudalCaudal

Brachiocephalic trunk

Innominate vein

(brachiocephalic)

CranialCranial

LeftLeftRightRight
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Fig. 7. A 56-year-old man with a giant cell tumor in T2. (A, B) Preoperative sagittal computed tomography and axial T1 magnetic resonance image. 
Note the anterior extension of the tumor adjacent to the esophagus and great vessel. (C, D) Intraoperative images during the anterior approach. The 
dotted green line encircles the working space. (D) The caudolateral retraction of the brachiocephalic trunk induced a sudden blood pressure drop. (E) 
Final intraoperative view of posterior instrumentation, mass removal, and mesh cage insertion. (F) Gross photo of the removed bony structures. (G, H) 
Postoperative 2-year lateral and anteroposterior plain radiographs showing well-maintained implants.
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fully exposed laterally. Subsequently, the vertebral body 
can be rotated and removed. Given that the middle and 
ICs are too narrow, the risk of soft-tissue injury in TES 
is high, and excessive manipulation and traction of the 
great vessels and nerves is likely to cause problems, such 
as blood pressure changes and neuropraxia.15,16) There is 
a possibility of damaging the RLN or BCV if the excision 
is performed anteriorly in a condition where a working 
space is not secured.17) In the case of the middle corridor, 
the right BCA is passed to the left over the midline, and 
there is a risk of right RLN problems and blood pressure 
changes caused by continuous BCT retraction. In IC, ac-
cess to the vertebral body is difficult unless the bifurcation 
of the trachea is disturbed.

Surgeons should pay attention to the high-lying 
innominate artery because the right BCA in it, which is 
located more than 2 cm above the sternal notch on the 
midline of the trachea, may be associated with interference 
and complications during anterior approach neck sur-
gery.18) In addition, attention should be paid to the branch-
ing pattern of the AA. In type 2 bovine arch (also known 
as truncus bicaroticus), which is the second most common 
pattern, the left CCA originates directly from the BCA and 
is anterior to the vertebral body, potentially interfering 
with the corridor.7,19)

The strength of our study is that this is the first to 
analyze the numeric values related to the great vessel mor-
phologies encountered during the anterior approach of the 
CTJ. An angled-shaped BCT, smaller ICAA, shorter ICAD, 
and BCT base located inside the vertebral body are poten-
tial factors that require more manipulation of the BCT and 
may make the anterior approach more difficult. Fortunate-
ly, the angled-shaped BCT and BCT base located outside 
were the least common types comprising 12.2% and 20.4% 
of the cohort, respectively. Specifically, BCT base was 
more frequently located on the body edge or outside body 
rather than inside body in women, making the anatomical 
corridor more difficult than in men. The mean value of 
ICAA and ICAD was 50.83° and 33.28 mm, respectively, 
and both values were lower and smaller in women, which 
may be technically more demanding. In addition, we as-
sume that the analysis of the accessible level of each cor-
ridor using the surgeon’s view line is more accurate than 
the previous reports solely relying on the transverse line, 

which does not regard the actual intraoperative view. Our 
analysis showed that the most common levels for the most 
cranial level that required manibriotomy, the most caudal 
level accessible through the SC and the IC were T1, T3, 
and T5, respectively.

This study has some limitations. First, the CT im-
ages analyzed in this study were performed preoperatively 
in patients scheduled for elective cervical surgery and not 
in asymptomatic patients. Moreover, the surgery was ac-
companied by a degenerative change in the cervical spine; 
therefore, a selection bias may have occurred. However, 
because this study considered the relationship between the 
upper thoracic spine and the great vessels, degenerative 
changes are not expected to have a significant impact on 
the results of this study. Second, as individual evaluation 
and approach are important in actual cases, this study only 
serves to present indications and guidelines. Third, the ac-
tual intraoperative anatomy of an encountered vessel may 
differ from that measured on a CT scan. Nevertheless, 
considering the surgeon’s line of sight and the measure-
ments of the ICAA, we improved the applicability as much 
as possible. Finally, we cannot provide the exact cut-off 
value for the difficult anterior approach of the CTJ due to 
limited cases. Future studies aiming to analyze such results 
are warranted for clinical application.
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