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Clinical characteristics and surgical  
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Abstract: Objectives: The goal of this study was to summarize the clinical manifestations, diagnosis, surgical treat-
ment, and prognosis of primary tracheal carinal tumors. The features of this disease were characterized to improve 
the quality of life of patients. Method: Clinical information of a patient was collected and presented for those with 
confirmed primary tracheal carinal tumor and having undergone therapy in our department. The related literature 
regarding primary carinal tumors (PCT) is also reviewed. Results: The patient was admitted to the hospital because 
of a chronic cough, which was further diagnosed as a PCT. The tumor was resected and his tracheal carina was 
reconstructed. Postoperative pathology revealed that the size of the tracheal tumor was 3 × 2.5 × 1 cm, and the mi-
croscopic images displayed moderate differentiation of squamous cell carcinoma and partly presented a papillary 
structure. Postoperative diagnosis was primary tracheal carinal squamous cell carcinoma. The patient recovered 
well after surgery and has been regularly followed up to date. Conclusions: Tracheal carinal tumors are rare, and the 
clinical manifestations are not typical; this type of tumor is easy to misdiagnosis. These tumors’ clinical diagnosis 
mainly relies on CT and bronchoscopy biopsy. Squamous cell carcinoma and adenoid cystic carcinoma are the most 
common types of trachea tumors. Surgical therapy is the most important treatment, and the main purpose of the 
treatment is relieving the airway obstruction. According to postoperative pathological staging, the doctors decide 
whether to offer chemotherapy and other follow-up treatments.

Keywords: Preoperative evaluation, surgical treatment, anesthesia management, postoperative complications, 
prognosis

Introduction

The incidence of primary tracheal tumors is 
very low, accounting for approximately 1%-2% 
of respiratory tumors. The symptoms in the 
early stage are not obvious and lack specificity. 
Therefore, it is easy to miss these diagnoses or 
to misdiagnose these tumors as an acute bron-
chitis, bronchial asthma, chronic bronchitis, 
bronchiectasis, or tuberculosis. In these situa-
tions, delay of the optimal treatment time is not 
good [1]. As the tracheal and carina tumors 
grow, they will cause airway obstruction. It is 
difficult to maintain oxygen supply and respira-
tory management during anesthesia. Therefore, 
the surgical risks are increased, and there is a 
high complication rate during the operation 
period. In recent years, owing to the progress 
made in surgical techniques and anesthesia 

assisted technology, increasingly complex tra-
chea and carina tumors can be resected but 
these operations are difficult to handle in the 
[2]. In this article, we combine information re- 
garding the clinical data of our patient with  
the reported literature regarding primary carina 
tumors to promote further understanding of the 
clinical characteristics with the hope to improve 
the diagnosis and treatment of patients with 
this disease.

Clinical case presentation

The patient was a 58-year-old male who was 
suffered a chronic cough with white sputum for 
six months who felt chest tightness and short-
ness of breath. He irregularly took anti-inflam-
mation medication and asthma therapy in the 
local hospital. The symptoms were slightly 
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relieved, although they soon relapsed. Later, 
the patient came to our hospital outpatient 
department for further diagnosis and treat-
ment. He was a lifelong nonsmoker and denied 
other basic diseases. We gave him a preopera-
tive examination to exclude contraindications 

absorbable line, and sutured the bilateral main 
bronchial margin to reconstruct a new carina. 
The tracheal membranes were continuous sti- 
tched with 3/0 absorbable line. The distance 
between each stitch was 3-4 mm, and each 
margin was 4-5 mm. All postoperative diagno-

Figure 1. X-ray shows an increased density mass shadow on the left lower 
lobe; the size of the mass was nearly 2.2 × 3.0 cm. (A: Anteroposterior film, 
B: Lateral film).

Figure 2. (A-C) Chest CT shows an oval nodule on the tracheal bifurcation; 
the size of the nodule was 2.5 × 1.5 cm. The mucus plug was in the left 
main bronchial, which led to obstructive inflammation in the left lung. (A: 
Horizontal section of pulmonary window; B: Horizontal section of medias-
tinal window; C: Coronal section of pulmonary window). (D) Demonstrated 
that the tracheal tube was inserted into the left main bronchus on the oper-
ating table to provide left lung ventilation.

(Figures 1, 2A-C, 3). The pa- 
tient was given aerosol inhala-
tion (ipratropium bromide 500 
μg/Tid and budesonide 1 mg/
Tid) for tracheal preparation 
and he was trained for respira-
tory physiotherapy.

After the full preparation, a 
posterolateral thoracotomy of 
an axillary thoracotomy was 
performed under general anes-
thesia. Intraoperatively, adhe-
sions in his right chest were 
seen, and the neoplasm locat-
ed in the carina, and the 2nd, 
4th lymphadenectasis, with the 
7th lymph nodes was partly cal-
cified. The surgical process 
was as follows: a fourth inter-
costal incision was made, and 
the pleural adhesions were 
separated first and cut off the 
lower lung ligament. Further- 
more, the azygos vein near the 
vena cava side was ligated and 
divided, and the loose connec-
tive tissue around the lower 
trachea and bilateral main 
bronchus (left and right) was 
dissected. After the 2nd, 4th, 
and 7th lymph nodes were 
excised, the bilateral main 
bronchus was cut down 6 mm 
away from the carina, and the 
carina was removed, with the 
lower section of the endotra-
cheal membrane and the tra-
cheal posterior wall. The tra-
cheal tube was inserted into 
the left main bronchus on the 
operating table (Figure 2D) to 
provide left lung ventilation. 
The bronchial stump was sent 
to fast frozen pathology, which 
suggested that the specimen 
was negative. Intermittent su- 
ture of the tracheal posterior 
wall was performed with 3/0 
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ses were verified pathologically, there were no 
cancer cells remaining in the residual tracheal 
end, and the 2nd, 4th, and 7th lymph nodes, 
which were surgical removed, were all negative 
(0/1, 0/2, 0/4). The immunohistochemistry 
result was p40 (+), Programmed cell Death-1 
(PD-1) (-), Programmed cell Death Ligand-1 
(PDL-1) (20% +), Ki-67 (35% +) (Figure 4). 
Postoperative therapy contained antibiotic pro-
phylaxis, aerosol inhalation and other basic 
infusion treatments (Figure 5A, 5B). The patient 
was discharged on the 7th operative day, and he 
subsequently visited the outpatient clinic two 
weeks later (Figures 5C, 5D, 6). His recovery 
and general situation was good, and the physi-
cal examination was normal. He has not 
received additional radiotherapy or chemother-
apy treatment, and telephone and outpatient 
follow-up to date have shown no recurrence.

Discussion

The term “primary carinal tumors” was used as 
the MeSH search term in the PubMed data 
base over the last ten years. The disease could 

occur at any age, although the most common 
age is 40-69 years old. The incidence is higher 
in males than in females. The mainly patholo- 
gical type is epithelium-derived tumors. The 
malignant tumors mostly are squamous cell 
carcinomas and adenoid cystic carcinomas, 
and the benign tumors are mostly papillomas 
and fibroids. Malignant tumors are more com-
monly seen in adults, and benign tumors more 
common seen in children [3]. Tumors usually 
occur at the junction of the tracheal cartilage 
and the membrane, and the most common site 
is the lower part of the trachea [4]. Gas is like- 
ly to cause eddy current around this area. 
Therefore, some bacteria, viruses and other 
microorganisms or harmful substances could 
get stuck in this location.

Preopreative examination

Conventional X-ray results are usually normal in 
the early period, which is a common cause of 
misdiagnosis. X-ray examinations are common-
ly relied upon with attention paid mainly to 
bronchial lung lesions. Due to its good contrast, 

Figure 3. Preoperative PET-CT showed a mass located at the carina of the trachea and extending to the beginning 
of the left main bronchus. The size of this tumor was 2.1 × 1.5 cm, and the SUVmax value was 13.2. (A: Mediastinal 
window; B: Pulmonary window).
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the common X-ray examination has an advan-
tage over gas-bearing bronchial lung tissue to 
find lesions. However, the large blood vessels, 
heart, lymphoid tissue, fat and other soft tis-
sues overlap in the tracheal mediastinal struc-
ture. This condition is not clearly presented on 
X-ray, especially for tracheal lesions. In this 
case, the patient underwent X-ray many times 
at the local hospital, but the diagnosis was 
delayed because he did not undergo timely fur-
ther examinations. Therefore, for elderly pati- 
ents who suffer from the above symptoms and 
for whom medical treatment does not work,  
we should consider tracheal neoplasms and 
arrange for detailed examinations. Tracheal CT 
and 3-D imaging examination could further 
clarify the details of the tumor and its surround-
ing areas, such as the size of the endotracheal 
tumor and mediastinal lymph node metastas- 
is [5]. Electronic bronchoscopy could directly 
observe the site, shape and traits, etc. of tumor 
and also could obtain a histopathological diag-
nosis. It is meaningful to fully understand the 
scope of lesions before surgery and to deter-
mine the surgical program. However, it should 
be noted that fiberoptic bronchoscopy might 

Intravenous anesthesia is undertaken with sin-
gle lumen endotracheal intubation. If the tumor 
is small and the lumen obstruction is less than 
half of the diameter, a small tracheal tube (such 
as a 6F catheter) is used to cross the tumor site 
and insert into the distal trachea for ventilation. 
It may be determined that the catheter could  
not pass through the tumor in this patient. 
Therefore, in this case the catheter was left 
proximal to the mass (2 cm above the tumor) 
for ventilation. Unilateral bronchial cannula 
through the incision was used for mechanical 
ventilation during the operation. The bloody liq-
uid was suctioned off in time to prevent trache-
al obstruction. The length of the distal end of 
the balloon should be trimmed according to the 
specific results of the intraoperative measure-
ment. This process avoided intubating too deep 
to affect the side of the upper lung lobe open-
ing, which could not guarantee effective single 
lung ventilation [7]. When the bronchial intuba-
tion obstructs the operation during the anasto-
mosis, we could withdraw the bronchial cannu-
la quickly. After we suture two or three needl- 
es, then the catheter was quickly inserted to 
restore ventilation. A compact and accurate 

Figure 4. Postoperative pathology revealed that the size of the tracheal tu-
mor was 3 × 2.5 × 1 cm (A: After surgical resection in vitro; B: When the 
pathology is drawn, and the microscopic images displayed moderate dif-
ferentiation of squamous cell carcinoma and partly presented a papillary 
structure (C: H&E stain; D: The immunohistochemistry result of p40 (+). 
(Original magnification × 100).

lead to several serious adver- 
se reactions, such as hemopty-
sis, and partial tumor shedding 
might lead to pneumonia, 
asphyxia, cardiac arrest and 
other complications. Another 
drawback is that fiberoptic br- 
onchoscopy could not be used 
to confirm if the lesions are the 
result of invasion. If the trache-
al tumor was exogenous grow-
ing, it would be difficult to 
obtain positive results. At pres-
ent, most scholars believe that 
if a tracheal tumor is seriously 
obstructed or has abundant 
blood supply, fiber axillary 
bronchoscopy should be very 
careful [6].

Anesthesia and airway man-
agement

The correct surgical process 
and skillful cooperation of the 
anesthesiologist are critical to 
the success of this operation. 
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operation would not lead to the occurrence of 
hypoxemia.

Operation technique

As soon as a trachea and carinal tumor is con-
firmed, the condition of the patient needs to be 
evaluated for a surgical operation. Different 
surgical procedures are based on different 
location of lesions [1, 8]. A benign tracheal 
tumor should be removed with a local excision 
fenestration or end-to-end suturing after a rou-
tine tumor resection. Malignant tracheal tu- 
mors are mainly treated with tracheal resecti- 
on followed by an end-to-end anastomosis [9]. 
There are several main reconstruction methods 
after carina resection: 1) Suturing the trachea 
and the right main bronchial residue, and then 
anastomosis of the left main bronchus and 
right middle bronchial end. 2) Suturing the tra-
chea and the left main bronchial residue, and 

the anastomosis. The resection range of the 
upper and lower incision edge should include 
the removal of at least one normal cartilage 
ring (the length is approximately 5 mm or more). 
Studies have shown that the tracheal resection 
length generally should not exceed 50% of the 
total length. A resection length less than 4 cm 
could be directly sutured [12]. Otherwise, care 
is needed for some measures to facilitate a 
low-tension anastomosis, including cervical tra-
cheal mobilization, suprahyoid laryngeal re- 
lease, bilateral hilar release, and division of the 
inferior pulmonary ligaments [13]. On some 
occasions, it has been necessary to make a 
U-shaped incision in the pericardium around 
the lower pulmonary vein. This process will 
extend the length of the trachea resection with-
in safe levels. If the preoperative evaluation 
determines that the lesion is more than 6 cm in 
length, it is necessary to fully assess the condi-
tion. To be able to remove longer tracheal 

Figure 5. X-ray showing a postoperative chest change of left lower lobe with 
a right rib phrenic angle disappeared, and there were no performance af-
ter 48 hours (A: Anteroposterior film; B: Lateral film). Two weeks after dis-
charged, the right pleural effusion decreased and without any significant 
pneumothorax compared with the latest X-ray (C: Anteroposterior film; D: 
Lateral film).

then anastomosis of the right 
main bronchus and left main 
bronchial end. 3) Reconstru- 
cting a new carina by suturing 
the bilateral bronchial sides, 
and then anastomosis with the 
main bronchus [10]. The third 
method was chosen in this 
patient because the angle of 
the new carina was more simi-
lar to the physiological anato-
my. This operation is relatively 
simple and relatively easy to 
avoid the formation of an an- 
gle or a narrow area. The 
patient had preoperative left 
lung obstructive pneumonia, 
but the left lung inflammation 
subsided postoperatively.

Postoperative complications

The risks associated with sur-
gical carinal resection are high, 
and anastomotic bleeding and 
fistula are the most serious 
[11]. Therefore, focus on pre-
vention, anastomotic tension, 
and anastomotic blood supply 
are the key factors that affect 
the healing of anastomosis. 
First, the resection range has a 
direct effect on the tension of 
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tumors, an artificial trachea is undergoing fur-
ther development. Perhaps one day, this artifi-
cial trachea could be better applied to serve 
clinical patients [14]. Surgical specimens are 
routinely sent for frozen pathology, and a nega-
tive stump could undergo one-stage anastomo-

splices could avoid excessive damage to the 
surrounding tissue. At times, the anastomosis 
was wrapped with the Mediastinal pleura. This 
process ensures the anastomotic blood supply 
and effectively prevents the occurrence of 
anastomotic fistula, especially for unsatisfac-

Figure 6. Compared with the preoperative CT, the oval nodules at the tra-
cheal bifurcation disappeared, and the left main bronchus was fluent, 
whereas exudative lesions increased on both sides. A few new pleural effu-
sions could be observed on the right side and considered the possibility of 
right lower pulmonary atelectasis 5 days after surgery (A: Horizontal section 
of mediastinal window; B: Horizontal section of pulmonary window; C, D: 
Three-dimensional airway reconstruction revealed that the lower right lobe 
of the bronchus were not developing, while the other trachea and bronchus 
were normal. E: Coronal section of mediastinal window; F: Coronal section 
of pulmonary window, without any obvious luminal stenosis or signs of com-
pression).

sis. If there is a positive stump 
and the resection range is 
close to 5 cm during the intra-
operative period, the local re- 
sidual end would be retained 
and the patient would undergo 
follow-up therapy.

Furthermore, because of the 
anatomical particularity of the 
tracheal bronchial blood sup-
ply, one should not extensively 
dissect the tracheal surround-
ing tissues. In our experience, 
the surface tracheal and bron-
chial membrane tissues were 
not stripped excessively. The 
free edge of the anastomotic 
lower end is generally not mo- 
re than 1 cm to guarantee 
good blood supply. During the 
anastomosis, we should en- 
sure the tracheal and the main 
bronchial edge are neat, the 
connected joint matches well, 
and the suture margin and 
needle pitch are moderate. In- 
termittently sutured tracheal 
posterior wall with 3/0 absorb-
able line is done first, and then 
the tracheal membranes were 
continuously stitched by 3/0 
absorbable line and knotted 
outside the lumen. The contin-
uous suture has several advan-
tages, such as stitching that is 
close and reliable, and the 
inner wall of the tube remains 
smooth. Adjustment of the ed- 
ge distance of the anastomo-
sis was done when the bilater-
al ends of the pipe diameter 
are inconsistent. After the an- 
astomosis of the outer wall 
were complete, the outer wall 
of the tube was relatively smo- 
oth compared to the intermit-
tent suture because fewer wire 



Clinical management of carinal tumors

13842	 Int J Clin Exp Med 2018;11(12):13836-13844

tory anastomosis, severe inflammatory res- 
ponse or poor blood circulation. Other impact 
factors of anastomosis include stitch length, 
margin, and the match of anastomosis. In addi-
tion, there are reports of several other compli-
cations such as pneumonia atelectasis, hoarse-
ness caused by the recurrent laryngeal nerve 
injury, tracheal diaphragmatic pleural fistula, 
pleural cavity infection and tracheal anasto-
motic stenosis [10, 12, 15-17].

Postoperative management

Postoperative care is important for patients 
undergoing carinal resection. The deformation 
of the carina would affect the distribution of 
gas dispersion and effective expectoration. The 
angle of the new carina is changed, and the 
postoperative an astomosisis caused by ede- 
ma from suturing. Therefore, the bronchial and 
pulmonary secretion discharge resistance is 
increased. The patient usually is unable to 
cooperate to cough effectively because of fear 
of pain. Unsatisfactory expectoration is com-
mon, which could cause atelectasis and even 
pneumonia. Expectoration is even more diffi-
cult when the anastomosisis complicated with 
stenosis or fistula. The patient was provided 
with ventilator-assisted breathing until he re- 
stored spontaneous breathing after anesthesia 
recovery. This process would prevent atelecta-
sis and play a positive role in lung function 
recovery. There is a benefit for respiratory 
secretions discharge that routinely uses aero-
sol expectoration and increased use of bron-
chial drugs the postoperative period. However, 
this patient appeared to have right lower pul-
monary atelectasis and right pleural effusions 
due to his cough and sputum fatigue. It is 
important that provide the patient with suffi-
cient nutrition and maintain the postoperative 
internal environment balance. It is widely known 
that the trachea moves up and down with the 
neck flexion. It is better to reduce the anasto-
motic tension by keeping the neck in flexion.

Prognosis

In the past, there was a high risk of surgery and 
a high rate of postoperative complications; 
therefore, in the past, conservative treatment 
was employed. With the development of surgi-
cal and assistive techniques, the surgical indi-
cations of those cases were enlarged and the 
results proved that surgery is an effective treat-

ment. Spaggiari reported a series of 37 carina 
resections; the overall 5-year survival rate was 
27%, with a 5-year survival rate of 32% in down-
staged patients and 12.5% in not down-staged 
patients. Very good survival results could be 
obtained, especially with highly selected pa- 
tients (pN0 or pN1) [2]. Liu summarized that  
the patients with primary tracheal and carinal 
tumors experienced a 5-year survival of 55.0% 
compared to 16.7% for those with locally 
advanced lung cancer directly infiltrating the 
carina (P<0.05) where the patients who under-
went surgical resection had a significantly bet-
ter 5-year survival than the patients with inop-
erable disease (P<0.01) [4]. Gonfiotti presented 
that the 5-year overall survival after carinal 
resection ranged from 26% to 44% in various 
series. In their experience, survival is signifi-
cantly affected by endobronchial extension of 
the primary tumor and by nodal status (pN0 
patients have a 5-yearsurvival rate of 50%). 
Clearly, the most important factor affecting sur-
vival is adequacy of the tumor resection [11].

Patients with wide range lesions, which are dif-
ficult to surgically resect, should consider radia-
tion therapy. The situation is the same as tho- 
se with residual postoperative tumor, positive 
margins, or for patients with contraindications 
to surgery. The majority of malignant tracheal 
malignant, especially adenoid cystic carcino-
mas and squamous cell carcinomas are more 
sensitive to radiotherapy, although the effect  
of radiotherapy on airway adenocarcinoma is 
unknown. Carvalho reported the application of 
high-dose and short-range radiotherapy in the 
airway [18]. These researchers used a broncho-
scope to implant the radioactive material in  
the tumor, which proved to inhibit local tumor 
growth. There were two cases of squamous  
cell carcinoma, one case of recurrent adenoid 
cystic carcinoma and one case of recurrent 
plasmacytoma in that article. The results sh- 
owed that of all patients had local tumor con-
trol at the time of the first assessment. Only 
one case of squamous cell carcinoma experi-
enced a recurrence in two years and one case 
of adenoid cystic carcinoma experienced air-
way stenosis after two years. However, this 
therapy has some disadvantages, such as high 
cost, long operation time, pain, and need to be 
carried out several times. The conditions of 
patients who are unable to tolerate this therapy 
are generally poor. Therefore, the indications 
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for this therapy should be strictly controlled 
[19]. In this situation, we should not achieve to 
cure the patient’s disease as a goal, although 
we should commit to reduce the patient’s air-
way obstruction, improve his ventilation and 
the quality of life. In our case, the patient proved 
negative margins and no lymph node metasta-
sis, so he just regularly followed-up in the out-
patient department or by telephone.

Conclusions

With the extensive use of CT and fiberoptic 
bronchoscopy in recent years, clinicians have 
improved the understanding of primary trache-
al cancer. The treatment of primary tracheal 
tumors should follow the principles of early 
detection, early diagnosis, and early treatment. 
Surgical resection is the first treatment choice 
for primary tracheal cancer. Safe and stable 
anesthesia is essential for patients. Clinicians 
aimed to eradicate the symptoms of airway 
obstruction, while the safety of anastomosis 
and the eradicative resection should also be 
taken into account. The preoperative and post-
operative aerosol inhalation and physiotherapy 
sputum or other measures would assist with 
the maintenance and recovery of airway func- 
tions.

Acknowledgements

This study was supported by the National 
Natural Science Foundation of China (NO. 
81770018), and Hunan Provincial Innovation 
Foundation For Postgraduate (NO. CX2017- 
B072).

Written informed consent was obtained from 
the patient for publication of this case report 
and any accompanying images. SP was involved 
in drafting the manuscript. MC and SP operat-
ed the surgery, BM contributed to preparing  
the figures. CH designed the manuscript and 
revised the manuscript with SP. All authors 
have read and approved the final manuscript.

Disclosure of conflict of interest

None.

Address correspondence to: Hongcan Shi, Depart- 
ment of Cardiothoracic Surgery, Clinical Medical 
College of Yangzhou University, Yangzhou 225000, 

China. Tel: +86-514-87978801; Fax: +86-514-
87978801; E-mail: shihongcan@yzu.edu.cn

References

[1]	 Maniwa Y. Surgical treatment of air way dis-
ease. J Thorac Dis 2016; 8: E78-E82.

[2]	 Spaggiari L, Petrella F, Galetta D. Carinal resec-
tion. Multimed Man Cardiothorac Surg 2012; 
2012: mms001.

[3]	 Aksu K, Aktaş Z, Aksu F, Orsel O, Demirağ F, 
Sipit T, Firat Güven S. Spindle cell sarcomatoid 
carcinoma: first case reported in the trachea. 
Tuberk Toraks 2009; 57: 337-341.

[4]	 Liu XY, Liu FY, Wang Z, Chen G. Management 
and surgical resection for tumors of the tra-
chea and carina: experience with 32 patients. 
World J Surg 2009; 33: 2593-2598.

[5]	 Feng J, Mao T, Zhao Y, Chen W, Wu J, Fang W. 
Endotracheobronchial neurofibroma treated 
by right carinal pneumonectomy. Ann Thorac 
Surg 2013; 95: e35-e37.

[6]	 Sun YB, Yang CL, Liu HX, Li HW, Hu YX, Zhang 
L, Xu S. Surgical treatment of primary tracheal 
tumors in 63 cases. Zhonghua Zhong Liu Za 
Zhi 2011; 33: 547-549.

[7]	 Li J, Wang W, Jiang L, Yin W, Liu J, Shao W, 
Chen H, Ang KL, Jiao W, Kang M, He J. Video-
assisted thoracic surgery resection and recon-
struction of carina and trachea for malignant 
or benign disease in 12 patients: three cen-
ters’ experience in China. Ann Thorac Surg 
2016; 102: 295-303.

[8]	 Park JS, Lee M, Kim HK, Choi YS, Kim K, Kim J, 
Kim H, Shim YM. Primary leiomyoma of the  
trachea, bronchus, and pulmonary parenchy-
ma--a single-institutional experience. Eur J 
Cardiothorac Surg 2012; 41: 41-45.

[9]	 Liu D, Guo Y, Shi B, Tian Y, Song Z, Ma Q, Zhang 
Z, Ge B. Tracheal carinal reconstruction and 
bronchovasculoplasty in central type broncho-
genic carcinoma. Zhongguo Fei Ai Za Zhi 2010; 
13: 352-356.

[10]	 Yamamoto K, Miyamoto Y, Ohsumi A, Imanishi 
N, Kojima F. Results of surgical resection for 
tracheobronchial cancer involving the tracheal 
carina. Gen Thorac Cardiovasc Surg 2007; 55: 
231-239; discussion 238-239.

[11]	 Gonfiotti A, Jaus MO, Barale D, Macchiarini P. 
Carinal resection. Thorac Surg Clin 2014; 24: 
477-484.

[12]	 Ishida I, Oura H, Niikawa H, Handa M. Non-
circumferential tracheal resection with muscle 
flap reconstruction for adenoid cystic carcino-
ma. Gen Thorac Cardiovasc Surg 2012; 60: 
603-606.

[13]	 Lancaster TS, Krantz SB, Patterson GA. Trach- 
eal resection with carinal reconstruction for 
squamous cell carcinoma. Ann Thorac Surg 
2016; 102: e77-e79.

mailto:shihongcan@yzu.edu.cn


Clinical management of carinal tumors

13844	 Int J Clin Exp Med 2018;11(12):13836-13844

[14]	 Chiang T, Pepper V, Best C, Onwuka E, Breuer 
CK. Clinical translation of tissue engineered 
trachea grafts. Ann Otol Rhinol Laryngol 2016; 
125: 873-885.

[15]	 Shin S, Park JS, Shim YM, Kim HJ, Kim J. 
Carinal resection and reconstruction in tho-
racic malignancies. J Surg Oncol 2014; 110: 
239-244.

[16]	 Blasberg JD, Wright CD. Surgical consider-
ations in tracheal and carinal resection. Semin 
Cardiothorac Vasc Anesth 2012; 16: 190-195.

[17]	 Auchincloss HG, Wright CD. Complications af-
ter tracheal resection and reconstruction: pre-
vention and treatment. J Thorac Dis 2016; 
Suppl 2: S160-167.

[18]	 CarvalhoHde A, Fiqueiredo V, Pedreira WL Jr, 
Aisen S. High dose-rate brachytherapy as a 
treatment option in primary tracheal tumors. 
Clinics (Sao Paulo) 2005; 60: 299-304.

[19]	 Makris D, Marquette CH. Tracheobronchial 
stenting and central airway replacement. Curt 
Opin Pulm Med 2007; 13: 278-283.


