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Introduction

The cervicothoracic junction (CTJ) refers to the region 
between the sixth cervical vertebrae and the third thoracic 
vertebrae (1). Giant tumors of the CTJ have a low incidence 
rate and are poorly defined. Surgical resection has been 
established as the most appropriate means of treatment for 

these tumors (2-4). Anatomically, the CTJ is a challenging 
region to access for resection due to the surrounding vital 
nerves and vascular structures (5). The principle of surgical 
resection is to achieve R0 resection without adversely 
affecting the structure or function of the surrounding 
vasculature and neural network (6). 
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Complete resection of giant tumors of the CTJ is not 
easily achieved by either thoracic or unilateral cervical 
method (7-9). Many surgeons adopt the transmanubrial 
osteomuscular sparing approach (TMA) as one of several 
methods applied to the CTJ tumor resection. TMA has 
been reported to preserve the sternoclavicular joint without 
shoulder deformity (10). However, TMA is mostly limited 
to tumors extending from the mediastinum to the neck. We 
optimized the TMA surgical method to achieve complete 
resection of CTJ tumors while retaining the function of 
nearby essential nerves and vasculature. This study presents 
our initial findings using the reverse “L” surgical approach. 

We present the following article in accordance with the 
“The Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) Statement” reporting checklist 
(available at http://dx.doi.org/10.21037/jtd-20-288B). 

Methods

Study population

This was a retrospective review of all patients who underwent 
reverse “L” approach for CTJ tumor resection at Xinhua 
Hospital affiliated to Shanghai Jiao Tong University School 
of Medicine. Before 2014, median sternotomy was the 
most commonly used procedure out of several methods 
applied at our center. From August 2014 to August 2018, 
21 patients with surgical resection of cervicothoracic 
lesions via reverse “L” approach were identified from our 
database. The study was conducted in accordance with the 
Declaration of Helsinki and the Harmonized Tripartite 
Guideline for Good Clinical Practice from the International 
Conference on Harmonization. This study was approved by 
the Institutional Review Board (IRB). All patients or their 
legal representatives signed the IRB-approved consent form 
before the relevant data was collected for this study.

Before surgery, the resectability of the tumor and cardio-
pulmonary function were carefully evaluated to ensure 
the patient was suitable for surgery. Chest-enhanced CT  
(Figure 1), abdominal ultrasound, brain computed tomography 
(CT), and radionuclide bone scan were performed to 
exclude metastases in malignant tumors. 

Operative technique

The patient was placed in a supine position after the 
application of monitoring wires and general anesthesia via a 
double lumen endotracheal tube. Rolls were placed beneath 
the shoulders and the head was rotated 30°–45° away from 
the tumor (Figure 2). 

A transverse incision was made superior to the clavicle, 
with a parallel course to the mid-portion of the suprasternal 
notch, continuing downward along the midline sternum to 
the 3rd or 4th interspace. After the subcutaneous tissue was 
fully separated, the upper sternum was segregated from the 
suprasternal fossa with a sternal saw. The sternum was cut 
to the 3rd or 4th intercostal space. The cut was subsequently 
extended to the costal space of the affected side. This 
resulted in the upper sternum being split in the shape of 
a reverse “L”. Bleeding from the edge of the sternum was 

Figure 1 Chest CT showing the malignant tumors had invaded 
surrounding structures. CT, computed tomography.

Figure 2 The head was rotated 30°–45° away from the tumor. 
adjacent structural involvement.
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prevented with bone wax. The upper sternum was opened 
with a small sternum opener (Finochietto 70 mm) to enable 
adequate exposure of the tumor. Special attention was given 
to the separation and protection of intramammary artery. 
When necessary, ligation of the intramammary artery was 
performed. The thoracic duct was identified, isolated, tied, 
and ligated. The critical vessels such as the nameless artery, 
subclavian artery, and superior vena cava were dissociated 
respectively and controlled distally.

For giant tumors of the CTJ, the removal of the entire 
tumor while preventing cancer cell spillage is optimal, 

although not always possible. In most cases, the tumor is 
dissected via piecemeal removal. In the current study, a 
drainage tube was placed at the conclusion of the dissection 
(Figure 3). The upper sternum was subsequently fixed 
with sternal steel wire or a butterfly plate (Figure 4). The 
subcutaneous and dermal layers of the incision were closed 
in layers. According to the pathological results and patients’ 
individual clinical conditions, we determined whether 
radiotherapy or chemotherapy was needed on a case-by-
case basis. All patients underwent a regular review of the 
neck and chest via CT imaging.

Statistical analysis

The clinical characteristics and perioperative outcomes of 
the patients were analyzed using IBM SPSS 19.0 software 
package. Continuous variables were compared using 
two-sample t-tests. P<0.05 was considered statistically 
significant.

Results

In this study, giant tumors of the CTJ were successfully 
resected through reverse “L” surgical approach in all 
21 patients (12 males and 9 females). No additional 
thoracoscopic assistance was needed. The median 
age of the patients was 46 (range, 13–75) years old. 
Neck and shoulder pain were the most commonly 
reported presentations, followed by a palpable mass. 
Nineteen patients underwent preoperative pathological 
puncture. There were 6 neurogenic tumors, 4 thyroid 
adenocarcinomas, 4 bronchogenic tumors, 1 adipose tissue 
and 4 epithelial tissues. However, 4 epithelial tumors 
were shown to have invaded adjacent structures. There 
were no clinical indications of malignancy. Postoperative 
pathological diagnosis of the resected tumors and the 
adjacent structures identified them as lymphomas. CT scans 
of 2 patients suggested the presence of angiomas, as shown 
by rich vasculature and obvious enhancement, negating the 
requirement for preoperative puncture. The 4 patients with 
bronchogenic tumors underwent neoadjuvant radiotherapy. 
They were treated with radiotherapy doses of 30–45 Gy. 
The patients’ demographic data, symptomatology and 
preoperative pathological diagnosis are recorded in Table 1.

Reverse “L” surgical approach was received from the left 
side in 14 patients and from the right side in 7 patients. No 
hospital deaths were observed. All patients who underwent 

Figure 3 One drainage tube was placed at the conclusion of the 
dissection. 

Figure 4 The upper sternum was fixed with a butterfly plate.
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endotracheal intubation were successfully extubated. 
The median operative time was 191.0 min (range, 113.0– 
348.0 min), and the postoperative hospital stay ranged 
from 3 to 7 days (Table 1). Bronchogenic tumor invasion 
was observed in 1 patient; this led to an axillary artery 
leak, which resulted in blood loss of 400 mL. A 10-cm 
angioma observed in the posterior mediastinum of another 
patient resulted in blood loss of 400 mL. A preoperative 
angiography was not performed, which contributed to the 
blood loss. 

Postoperative pathological results showed 13 malignant 
cases and 8 benign cases. Eight of the 13 malignant 
tumors had adjacent structural involvement. To achieve 
R0 resection, the invaded adjacent structures were also 
resected. One case underwent superior vena cava artificial 
vascular replacement, 2 cases underwent unnamed vein 
ligature, 1 case underwent right axillary artery ligature, 
1 case underwent ductus thoracicus ligature, and 3 cases 
underwent pulmonary lobe cuneiform resection. For 

bronchogenic tumors, the mean lymph node stations 
dissected were 5. Three cases of neurogenic tumors could 
not achieve R0 resection because the tumor originated 
from the spinal cord. All 4 cases of thyroid adenocarcinoma 
underwent adjuvant radionuclide therapy, and all 4 cases 
of bronchogenic tumors were treated with platinum-based 
adjuvant chemotherapy. The origins of the tumors, as 
well additional vascular procedures and complications, are 
detailed in Table 2.

Horner syndrome was observed in 1 case. Hoarseness 

Table 1 The patients’ demographic, symptomatologic, and 
preoperative pathological diagnostic information

Characteristics Value

Age, years, median [range] 46 [13–75]

Male gender 12

Symptoms

Neck and shoulder pain 7

Palpable mass 4

Chest pain 3

Cough 3

Hoarseness 2

Arm numbness 1

Superior vena cava syndrome 1

Preoperative pathological diagnosis

Neurogenic tumor 6

Thyroid adenocarcinoma 4

Bronchogenic tumor 4

Adipose tissue 1

Epithelial tissue 4

Total operative time, min, median [range] 191.0 [113.0–348.0]

Postoperative hospital stay, days, median 
[range]

5.9 [3–7]

Table 2 The origins of the tumors, additional vascular procedures, 
and complications

Characteristics Value

Histological identification

Neurogenic

Neurilemmomas 3

Neurofibroma 3

Bronchogenic carcinoma

Adenocarcinoma 2

Squamous cell carcinoma 2

Thyroid adenocarcinoma 4

Lymphoma 4

Angioma 2

Lipoma 1

Additional vascular procedures

Superior vena cava artificial vascular 
replacement

1

Unnamed vein ligature 2

Right axillary artery ligature 1

Ductus thoracicus ligature 1

Pulmonary lobe cuneiform resection 3

Complications

Horner syndrome 1

Hoarseness 3

Lymphatic leakage 1

Hemidiaphragm paralysis 1

Completeness of resection, N (%)

R0 18 (85.7)

R1 3 (14.3)



3999Journal of Thoracic Disease, Vol 12, No 8 August 2020

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2020;12(8):3995-4001 | http://dx.doi.org/10.21037/jtd-20-288B

occurred in 3 cases. Lymphatic leakage occurred in 1 case. 
Hemidiaphragm paralysis occurred in 1 case; although the 
phrenic nerve was clearly intact at the conclusion of the 
dissection, the patient developed hemidiaphragmatic palsy. 
These postoperative complications were transient, and 
the patients achieved full recovery through conservative 
treatment (Table 2). During follow-up, which ranged in 
length from 6–42 months, 11 of the 13 malignant patients 
showed no evidence of tumor recurrence. Two patients 
displaying bronchogenic tumors died of distant progression. 
Two postoperative deaths were observed, with the first 
occurring at 6 months and the second at 15 months after 
surgery.

Discussion

Giant tumors of the CTJ, which are located at the junction 
of the neck and mediastinum, are mostly caused by the 
upward growth of mediastinal tumors into the cervical root 
or the downward growth of cervical root tumors into the 
mediastinum (10-12). Surgical resection is the first-choice 
treatment for giant tumors of the CTJ (13,14). However, 
cervical or thoracic surgical approach does not provide 
sufficient exposure for achieving R0 resection (15,16). 
Although “trap-door” thoracotomy as a surgical approach 
can adequately reveal the tumor and prevent functional and 
anatomic alterations of the clavicle, the surgical trauma is 
significant and the postoperative recovery of the patient 
is slow (17,18). Over the last 20 years, several modified 
approaches have risen to facilitate resection (12). With 
the development of minimally invasive instruments and 
techniques seen in recent years, TMA surgery has become 
the preferred approach in cardiac and mediastinal surgery 
(19,20). According to the characteristics of giant tumors 
of the CTJ and the experience of previous methods, we 
optimized TMA by using a reverse “L” incision to resect 
giant tumors of the CTJ. 

The TMA surgical approach offers wide surgical 
exposure with the possibility to perform en-bloc extended 
resection with no osteo-muscular sacrifice associated with 
good functional outcome (21). However, the application 
of TMA is mostly limited to tumors extending from the 
mediastinum to the neck. When the tumor volume of 
the neck is larger than the mediastinum, R0 resection is 
difficult to achieve through TMA. In contrast, a reverse “L” 
incision is more suitable for resecting tumors that extend 
from the neck to the mediastinum, when the volume of the 
neck is larger. The application of reverse “L” incision has 

progressively increased the rate of R0 resection. 
Reverse “L” incision involves technical modifications. 

The sternum should be split at the 3rd or 4th interspace to 
adequately expose the tumor tissue of the mediastinum. 
Subsequently, the sternum should be cut transversely to the 
costal space (near the affected side), to prevent accidental 
splitting of the lower section of the sternum. Special 
attention is required to maintain the connection between 
the costal cartilage and sternum to keep the stability when 
the sternum is transversely sawed to the costal space. As 
the main nourishing artery of the sternum, protection of 
the intramammary artery should be emphasized, especially 
in elderly or diabetic patients. In elderly patients with thin 
sternums or osteoporosis, the upper section of the sternum 
should be fixed with a butterfly plate instead of a steel wire 
to avoid the shear force. 

The resection of giant tumors of the CTJ was successfully 
completed through reverse “L” surgical approach in the  
21 patients in this study. All of the patients were successfully 
extubated. No hospital deaths occurred, and none of the 
patients experienced delayed wound healing. All of the 
patients recovered and were discharged without incident. 
Due to the surgical field of vision being clear, the operation 
is safe and the postoperative complications are reduced.

This study has several limitations. First, the patient 
cohort was heterogeneous in terms of pathology. The 
evaluation of safety and risk factors calls for a control 
group and a comparison with another surgical approach. 
Second, this was a single-institution study, which may have 
caused a potential bias. Third, the follow-up period was too 
short to reach any oncologic considerations. Longer-term 
prospective data and patient follow-up are needed to fully 
evaluate the outcomes of this technique in comparison to 
other surgical approaches.
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