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Abstract. Invasion of the trachea is observed in ~6% of patients 
with differentiated thyroid carcinoma (DTC), and surgery is 
accepted as the treatment of choice. However, surgical proce-
dures can be challenging and are associated with various risks. 
The authors of the present study performed a retrospective 
study of patients with DTC and tumor invasion of the trachea. 
Outcomes from patients that received circumferential sleeve 
resection (CSR) of the trachea followed by anastomosis in the 
absence of suprahyoid release (n=21; CSR group) and patients 
that underwent tangential resections [n=103; tangential ʻshaveʼ 
resection (TSR) group) were analyzed. In the CSR group, 4 to 
8 tracheal rings were circumferentially resected. All patients 
underwent end‑to‑end anastomosis in the absence of supra-
hyoid release following CSR, and 7 patients developed cancer 
metastasis following surgery. With the exception of 2 patients 
that succumbed to disease, the remaining patients in the CSR 
group survived without cancer recurrence. In the TSR group, 
all of the patients experienced cancer recurrence within five 
years post‑surgery. A total of 61 patients developed metastases 
in the three years following surgery, and 71 patients succumbed 
to cancer metastasis within five years. The survival rate of the 
CSR group was significantly increased compared with the TSR 
group. The results of the present study suggest that in DTC 
patients with defects involving up to 8 tracheal rings, it may 
be appropriate to perform anastomosis without suprahyoid 

tissue release as it is associated with a reduced incidence of 
perioperative morbidity.

Introduction

The prognosis for patients with differentiated thyroid 
carcinoma (DTC) is very good, with the postoperative 10‑year 
survival rate close to 90% (1). According to a recent study, there 
was an association between the size of the primary tumor and 
overall survival: Event‑free and overall survival were signifi-
cantly associated with increasing tumor size (2). Furthermore, 
a pT4a category and a tumor diameter >2 cm remained inde-
pendent predictors of survival (3). Tumor invasion of the larynx 
or trachea is observed in ~6% of DTC cases (4), and invasion 
is an independent predictor of mortality. Furthermore, airway 
obstruction is the cause of mortality in 50% of patients with 
thyroid carcinoma (5). Currently, surgery is the most effective 
treatment for DTCs as the tumors are commonly insensitive to 
radiotherapy and chemotherapy (6).

For patients with advanced invasive thyroid carcinoma, 
the extent of surgical resection remains controversial (7). For 
superficial airway invasion, certain surgeons prefer to perform 
tangential excision, and therefore cancer recurrence may be 
common (7). For patients with transmural or laryngotracheal 
DTC invasion, circumferential sleeve resection (CSR) of the 
trachea with primary end‑to‑end anastomosis may be the 
optimal surgical choice, as complete resection of the tumor 
provides the longest overall survival and the greatest pallia-
tive effect (7). The advantages of this approach include the 
immediate reconstruction of the airway and preservation of 
a moist environment within the trachea (8). Although some 
patients with thyroid carcinoma are referred with tracheal or 
laryngotracheal invasions, indications for the use of salvage 
procedure have decreased over time. Tracheal resection is an 
appropriate intervention for DTC and provides good overall 
outcomes (9). However, this treatment strategy can be difficult 
and is associated with various risks. The present investigation 
is a retrospective study of patients with DTC and tracheal 
invasion. Outcomes from patients (n=21) that received CSR of 
the trachea followed by anastomosis in the absence of supra-
hyoid release (CSR group) and patients (n=103) that underwent 
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tangential resections [tangential ̒ shaveʼ resection (TSR) group] 
were analyzed.

Materials and methods

Patient characteristics and diagnosis. Between January 
2004 and July 2014, patients with thyroid carcinomas 
(n=156) invading the trachea and/or larynx were treated at 
the Department of Head and Neck Surgery of Shandong 
Cancer Hospital affiliated to Shandong University (Jinan, 
China). Ethical approval for the study was gained from the 
institutional review board at the Shandong Cancer Hospital 
affiliated to Shandong University. Written informed consent 
was obtained from the patients prior to obtaining follow‑up 
information. Pathological specimens were assessed for resec-
tion margin status and histological characteristics by a single 
experienced pathologist. The tumor size was defined as the 
maximum tumor diameter on the original pathology report. 
To analyze the extent of invasion, the Shin staging system was 
used (10). Of the 156 patients, 32 (20.5%) were excluded from 
further analysis due to refusal of surgery or the development of 
extensive local or advanced distant metastasis that precluded 
resection. TSR was performed in 103 patients (20 males and 
83 females) with thyroid carcinomas invading the trachea. 
In the TSR group, the age of the patients ranged between  
35 and 76 years (mean, 57 years). The common symptom of 
each patient was cervical mass, and voice changes were evident 
in 84 patients. Tracheal bleeding with hemoptysis occurred in 
40 patients and 65 experienced grade ≥II dyspnea, assessed as 
described previously (11). A total of 21 patients (5 males and 
16 females) underwent tracheal reconstruction following CSR. 
In the CSR group, the age of the patients ranged between 35 
and 72 years (mean, 60 years). The major presenting symp-
toms of each patient were the presence of a cervical mass and 
various degrees of respiratory difficulty. Of the 21 patients, 
15 experienced grade ≥II dyspnea. Tracheal bleeding with 
hemoptysis occurred in 9 patients and voice changes were 
evident in 18 patients.

The diagnosis of DTC tracheal invasion was established 
in 1 patient using fibre optic bronchoscopy on a preoperative 
biopsy specimen. For the remaining patients in the study, 
preoperative diagnosis was confirmed by endoscope and 
hemoptysis in 9 patients, and radiological examination was 
performed via CT scan in 16 patients. In the 5 remaining 
patients, tracheal invasion was suspected based on CT results, 
and biopsy specimens were taken during surgery to establish 
the diagnosis in the CSR group.

Surgical procedures. The surgical procedures required total 
or partial thyroidectomy, in conjunction with sleeve resection 
of the trachea and unilateral or bilateral neck dissection. All 
patients received general endotracheal anesthesia using an 
endotracheal tube, which was passed distal to the lower border 
of the tumor.

Following neck dissection and thyroidectomy, all patients 
received CSR of the trachea followed by end‑to‑end anasto-
mosis. The trachea was dissected anteriorly and posteriorly, 
and subsequently mobilized in a step‑by‑step manner. Under 
direct vision, the trachea was circumferentially transected 
above and below the level of tumor invasion. A single layer of 

interrupted 4‑0 prolene sutures were placed posteriorly through 
the membranous wall and subsequently anteriorly through the 
cartilaginous rings. Following suturing, the patient's head was 
placed in a flexed position. The anastomotic sutures were tied, 
ensuring the knots of the sutures were outside the tracheal 
lumen. To confirm the adequacy of the anastomosis, the  
anastomotic site was covered with saline solution, and the 
anesthesiologist released the balloon on the endotracheal 
tube to allow positive breathing pressure. If air bubbles were 
observed at the suture line, additional sutures were placed to 
secure a watertight closure. Suction drains were introduced, 
and the incision was closed in layers using fine surgical silk 
sutures for platysma and skin. To prevent inadvertent extension 
of the neck, the head was maintained in a flexed position for 
2 weeks via two stitches placed in the submental crease and 
the upper thoracic skin.

In the TSR group (n=103), following neck dissection, total 
thyroidectomy was performed in 20  patients (19.4%) and 
partial thyroidectomy was performed in 83 patients (80.6%). A 
ʻshaveʼ resection consisted of tangential excision of the tumor 
and thyroid gland occasionally associated by scraping the 
thinned‑out tracheal wall. No patients underwent concomitant 
lateral excision of the full‑thickness esophageal wall.

Postoperative therapy. Postoperative radiotherapy or radioac-
tive iodine therapy was administered selectively to patients 
with incomplete resections or as preventative treatment. A 
recommended dose of 60 Gy to the neck and superior medias-
tinum was administered between 6 and 8 weeks after resection. 
In the present study, radioactive iodine was administered 
postoperatively to 12 patients in the CSR group. In the TSR 
group, 30 patients received postoperative radioactive iodine 
and 73 patients received postoperative radiotherapy. Patients 
with thyroidectomies were administered with levothyroxine 
postoperatively. For the majority of patients, an initial starting 
dose of 100  µg/day levothyroxine sodium (Merck KGaA, 
Darmstadt, Germany) was recommended, with gradual 
increments in dose at intervals of between 6 and 8 weeks, 
as required. The levothyroxine sodium dose was generally 
adjusted in increments of between 12.5 and 25 µg increments 
until the serum TSH was <0.5 µIU/ml.

Statistical analysis. The outcomes of the different treatment 
strategies were analyzed using SPSS software (version 16; 
SPSS, Inc., Chicago, IL, USA). χ2 and Student's t‑tests were 
performed to determine statistical differences and compare 
the data between the CSR and TSR group. The Kaplan‑Meier 
method with log‑rank testing was conducted to estimate the 
postoperative survival and compare the different groups. P<0.05 
was considered to indicate a statistically significant difference.

Results

Patient characteristics. The characteristics of the patients 
in the CSR group are presented in Table  I and postopera-
tive data are displayed in Table II. There were no significant  
differences in age, sex, common symptoms, tumor size, local 
lymph node metastasis, invasion of the recurrent laryngeal 
nerve or tumor type between the CSR and TSR groups 
(Tables III and IV).
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Anastomosis of tracheal defects involving up to 8 rings 
following tumor resection. A representative image from the 

radiological examination performed via CT scan in 16 patients 
is presented in Fig. 1. All patients in the CSR group (n=21) 

Table III. Characteristics of patients with thyroid carcinoma invading the trachea who underwent circumferential sleeve resection 
(n=21) and tangential ʻshaveʼ resection (n=103).

	 Circumferential 	 Tangential
Characteristic	 sleeve resection	 ʻshaveʼ resection	 P‑value	 χ2

Age, yearsa	 60 (35‑72)	 57 (35‑76)	 0.457
Sex, n (%)
  Male	 5 (23.8)	 20 (19.4)	 0.648	 0.209
  Female	 16 (76.2)	 83 (80.6)
Symptoms, n (%)
  Mass	 21 (100.0)	 103 (100.0)
  Voice changes	 18 (85.7)	 84 (81.6)	 0.989	 0.125
  Hemoptysis	 9 (42.9)	 40 (38.8)
  Dyspnea	 15 (71.4)	 65 (63.1)
Thyroidectomy, n (%)
  Total	 17 (81)	 20 (19.4)	 <0.0001	 31.55
  Partial	 4 (19)	 83 (80.6)
Neck dissection, n (%)
  Unilateral	 13 (61.9)	 86 (83.5)	 0.025	 5.052
  Bilateral	 8 (38.1)	 17 (16.5)

aData are presented as the median and range. The dichotomous variables were compared using χ2 or Fisher's exact tests, as appropriate. All 
P‑values were two‑sided.

Table IV. Outcomes of patients with thyroid carcinoma invading the trachea who underwent circumferential sleeve resection 
(n=21) and tangential ʻshaveʼ resection (n=103).

	 Circumferential 	 Tangential
Characteristic	 sleeve resection	 ʻshaveʼ resection	 P‑value	 χ2	 t

Histological tumor type, n (%)
  Papillary	 18 (85.7)	 82 (79.6)	 0.519	 0.416
  Follicular	 3 (14.3)	 21 (20.4)
Size of tumor, mma	 55.96±8.89	 54.42±8.90	 0.473		  0.720
Lymph node metastasis, n (%)
  Yes	 18 (85.7)	 94 (91.3)	 0.433	 0.614
  No	 3 (14.3)	 9 (8.7)
Invasion to the recurrent 
laryngeal nerve, n (%)
  Yes	 20 (95.2)	 95 (92.2)	 0.629	 0.234
  No	 1 (4.8)	 8 (7.8)
Complications, n (%)
  Air leak	 5 (23.8)	 2 (1.9)
  Temporary hypoparathyroidism	 9 (42.9)	 30 (29.1)	 0.018	 10.068
  Temporary dysphagia	 11 (52.4)	 21 (20.4)
  Lymphatic fistulas	 4 (19.0)	 23 (22.3)

aData are presented as the mean ± standard deviation. Continuous variables were compared using Student's t‑test, whereas dichotomous 
variables were compared using χ2 or Fisher's exact tests, as appropriate. All P‑values were two‑sided.
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had stage pT4a tumors, classified according to the American 
Joint Committee on Cancer (AJCC) (12). Total thyroidectomy 
was performed in 17 cases (81%) and partial thyroidectomy in 
4 cases (19%). Resection of the recurrent nerve on the affected 
side was performed in 20  patients (95.2%) and 2 (9.5%) 
underwent concomitant lateral excision of the full‑thickness 
esophageal wall with primary closure. The extent of the resec-
tion ranged from 4 to 8 tracheal cartilage rings. In 2 patients, 
4 tracheal rings were resected. A total of 5 tracheal rings were 
resected in 5 patients, 6 in 8 patients, 7 in 4 patients and 8 in 
2 patients (Figs. 2 and 3).

In the TSR group (n=103), total thyroidectomy was 
performed in 20 patients (19.4%) and partial thyroidectomy in 
83 patients (80.6%). No patients underwent concomitant lateral 
excision of the full‑thickness esophageal wall. Although all 
patients had stage pT4a tumors (12), which were similar to that 
of the CSR group, they received TSR. TSR was performed 
because certain patients had developed extensive local disease 
that precluded primary anastomosis. Others had developed 
advanced distant metastasis or cardiovascular diseases; there-
fore, they were unable to tolerate radical surgery. Additionally, 

certain patients received TSR as they refused radical surgery 
or the surgeons decided that mediastinal tracheostomy must 
be performed during operative exploration. In order to reduce 
complications and improve the quality of life, the majority of 
these patients in the TSR group (80.6%) underwent partial 
thyroidectomy rather than total thyroidectomy.

No occurrence of serious complications following tracheal 
anastomosis without suprahyoid release. In the CSR group 
(n=21), no serious complications occurred following CSR of 
the trachea. In 5 (23.8%) patients, air leaks were observed on 
day 1 post‑surgery. However, bronchoscopy revealed no wound 
dehiscence, and these leaks resolved spontaneously. Tempo-
rary hypoparathyroidism occurred in 9 patients following total 
thyroidectomy (52.9%), and permanent hypoparathyroidism 
was not observed in any of the patients. Temporary postop-
erative dysphagia occurred in 11 patients in the CSR group 
(52.4%). The surgical morbidity of the CSR group was margin-
ally higher compared with the TSR group, and this was due to 
the wider surgical field and the more complicated nature of 
the procedure. However, the postsurgical complications were 
not serious and were resolved quickly. Notably, no patients 
required tracheostomy following surgery.

Similarly, no serious complications occurred in the 
patients of the TSR group (n=103). The postoperative recovery 
was markedly improved compared with the CSR group. 
Temporary hypoparathyroidism occurred postoperatively in 
37 patients (35.9%), and temporary postoperative dysphagia 
occurred in 20 patients (19.4%). Prophylactic tracheostomies 
were performed in 20 patients (19.4%) to prevent postopera-
tive complications and 11 patients (10.7%) required permanent 
tracheostomy.

Complete resection of stage I to IV DTC with tracheal inva‑
sion by primary anastomosis without suprahyoid release. 
In the CSR group, the size of the primary thyroid tumor 
was 55.96±8.89 mm (mean ± standard deviation; range, 35 
to 75 mm). Invasion into the recurrent laryngeal nerve was 
observed in 20 patients (95.2%). A total of 4 to 8 tracheal 
rings (mean, 5.9 rings) were circumferentially resected during 
surgery, including a partial resection of the cricoid cartilage 
in 8 patients. The tracheal wall invasions were limited to the 
adventitia in 1 patient [Stage I; 4.8%, (10)]. Tracheal invasions 
were also observed between the tracheal rings in 11 patients 
(Stage II; 53.4%) and within the submucosal space in 5 patients 
(Stage III; 23.8%). Additionally, protrusions into the tracheal 
lumen were detected in 4 patients (Stage IV; 19%). Tumor 
tissues were absent in the specimen margins in all patients 
in the CSR group. Histological examination indicated that 
the tumors were papillary carcinomas in 18 patients (85.7%) 
and follicular carcinomas in 3 patients (14.3%). All patients 
underwent anastomosis without suprahyoid release following 
CSR of the trachea. No patients received tracheostomy prior to 
or following sleeve resection of the trachea.

In the TSR group, the primary thyroid tumor size was 
54.42±8.90 mm (mean ±  standard deviation; range, 36 to 
74  mm). Invasion into the recurrent laryngeal nerve was 
observed in 95 patients (92.2%). The grade of the tumors was 
not microscopically evaluated due to a lack of specimens from 
the TSR group.

Figure 2. Papillary thyroid carcinoma in resected trachea segment.

Figure 1. CT scan showing thyroid tumor with invasion of the cervical 
trachea.
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Good long‑term outcomes following complete tumor resection 
and tracheal anastomosis in all DTC patients. The follow‑up 
period for patients in the present study ranged from 1 to 10 years 
(mean, 5 years and 7 months). In the CSR group, radioactive 
iodine was administered postoperatively to 12 patients (57.1%). 
In 3 patients, whole‑body scans following treatment detected 
lung metastases, and these patients responded to therapy and 
are currently disease‑free. To reduce cancer recurrence and 
prolong survival, radioactive iodine treatment was administered 
to 5 patients postoperatively. Radioactive iodine therapy was 
administered to 4 patients that had developed further pulmo-
nary and/or bone metastases at 3 years post‑surgery. There were 
no primary site recurrences in the patients in the CSR group. 
Selective neck dissection was performed on 1 patient due to 
contralateral lymph node metastasis 4 years post‑surgery. At the 
end of the follow‑up period, 1 patient had succumbed to distant 
metastasis 7 years post‑surgery, and 1 patient succumbed to heart 
disease 6 years post‑surgery. The remaining patients survived 
without cancer recurrence throughout the postoperative period. 
In summary, only 1 patient in the CSR group succumbed to 
disease associated with thyroid carcinoma, 13 patients were 
disease‑free and 6 survived with disease.

In the TSR group, 56 of the 103 patients developed primary 
site recurrences (54.4%) within 3 years post‑surgery. The rate 
of cancer recurrence was significantly higher compared with 
the CSR group. All patients developed significant primary 
site recurrences within 5 years, and 61 developed further 
pulmonary and/or bone metastases within 3 years post‑surgery 
(59.2%). At the end of the follow‑up period, 70  patients 
succumbed to distant metastases within 5 years (68%).

Furthermore, the survival rate of patients in the CSR group 
that received complete resection was significantly higher 
compared with patients in the TSR group that underwent 
incomplete resection (χ2=79.2, P<0.0001; Fig. 4). Patients that 
underwent tracheal anastomosis without suprahyoid release 
following CSR exhibited improved long‑term outcomes 
compared with the patients in the TSR group.

Discussion

In DTC, the extent of airway infiltration is an important deter-
minant of outcome, as deep tracheal invasion and laryngeal 

infiltration are correlated with poorer prognosis (13). Regarding 
surgical strategies, classification of aerodigestive tract invasion is 
based on a three‑dimensional assessment to determine surgical 
resection options. Incomplete tangential wall resection may be 
performed if the invasion is superficial. By contrast, deep wall 
and intraluminal invasions require complete wall resection (14). 
In the report by McCarty et al (7), 6/35 patients with superficial 
tracheal adherence that received tracheal shaving exhibited local 
recurrence after 10 years (17%). In the present study, the tumor 
margins were difficult to assess in the TSR group. Therefore, 
microscopic residual disease may have been left behind. Thus, 
the process of invasion could not be determined in these patients. 
Mossetti et al (15) suggested performing ʻshaveʼ resections with 
biopsies of the tracheal wall surface in the area of infiltration, 
and if the biopsies are positive, to proceed with a sleeve resection 
in a subsequent surgery. However, full‑thickness resection of the 
tracheal or laryngotracheal wall is required to achieve complete 
tumor clearance (16). A previous study reported that survival 
was increased in patients with thyroid cancer that received 
airway‑resection compared with a non‑resected group (17). 
Furthermore, the study also demonstrated that malignant tissue 
that is not completely removed from the tracheal wall cannot be 
controlled with adjuvant treatment and thus may result in early 
recurrence (17). In the long‑term follow‑up of the present study, 
the authors observed that there was a high risk of recurrence 
following the shaving procedures, even when followed with 
postoperative radioactive iodine or radiotherapy. The rate of 
relapse in the patients who underwent TSR was 54.4% within 
3 years and 100% within 5 years, demonstrating that the benefits 
of adjuvant therapy were very limited.

Airway complications, recurrent disease and salvage oper-
ations were associated with decreased survival. By contrast, 
airway resection following thyroidectomy and complete resec-
tion were associated with improved prognosis (1). Therefore, 
salvage resections should be performed only in selected 
cases  (18). Even when distant metastases are also present, 
segmental airway resection may prolong survival, control 
disease and lead to increased long‑term survival in certain 
patients (19). Only complete full‑thickness airway resections 
are able to improve clinical outcomes in DTC patients with 
deep invasion of the trachea (20). The 5‑year overall survival 
rate following resection with curative intent is 70%, whereas it 

Figure 4. Postoperative patient survival times.Figure 3. Reconstruction of trachea by end‑to‑end anastomosis following 
circumferential sleeve resection.
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is <40% in palliative treatment patients (8). Thus, resection is 
a useful surgical intervention to treat differentiated tumors and 
provides good overall outcome (8).

Circumferential sleeve resection for DTC with tracheal 
invasion is a challenging procedure. The length of the 
expected gap in the continuity of the windpipe depends on 
the longitudinal extent of tumor infiltration into the trachea 
and the length of the patient's neck. Thus, these lengths deter-
mine whether suprahyoid release, or combined cervical and 
mediastinal release is appropriate. Transient dysphagia often 
occurs following suprahyoid release and may lead to aspiration 
pneumonia (21). No patients in the CSR group in the present 
study underwent suprahyoid release, and dysphagia was not 
prolonged in the majority of patients, where the symptoms 
eased and disappeared gradually within a week. Additionally, 
no patients required monitoring in the intensive care unit for 
signs of complications. Therefore, in the view of the authors, 
suprahyoid release may not be required following anastomosis 
of the trachea when <8 tracheal rings have been resected. 
Consequently, the risks associated with the surgery and opera-
tive times may be reduced.

When deep tracheal invasion is limited to a small area and 
involves only up to a third of the tracheal circumference, a 
potential alternative surgical procedure is partial ʻwindow᾽ 
resection (22). This procedure is particularly useful for cases 
where the range of invasion is limited to half of the circumfer-
ence of the tracheal wall or less. However, window resection 
has several drawbacks (23).

Anastomotic dehiscence is a fatal complication following 
surgical anastomosis. Therefore, laryngeal and distal tracheal 
release should be performed to prevent tension on the anas-
tomosis. To release the larynx, it is necessary to resect the 
suprahyoid muscles from the hyoid bone, and the larynx 
descends by ~2.0 to 2.5 cm, which is sufficient for an end‑to‑end 
anastomosis  (6). However, in the majority of patients, this 
procedure may cause moderate to severe dysphagia and may 
even lead to aspiration pneumonia when the condition is 
serious. In the present study, the suprahyoid muscles remained 
in the correct position and functioned normally. Temporary 
mild dysphagia occurred postoperatively in 11  patients 
(52.4%), and no aspiration pneumonia was observed. Similarly, 
swallowing function recovered quickly. In the view of the 
authors, end‑to‑end anastomosis may not require suprahyoid 
muscle release when the extent of the resection ranges from 4 
to 8 tracheal cartilage rings. To avoid inadvertent extension of 
the neck, the head must be maintained in a flexed position for 
2 weeks using stitches. Maintaining this position is the most 
important step for avoiding anastomotic dehiscence.

In conclusion, in all of the patients in the present study, CSR 
with immediate reconstruction without suprahyoid release 
was the most favorable strategy, and excellent outcomes were 
achieved without serious complications. One advantage of this 
surgical approach is that the integrity of the natural airway is 
preserved without any reconstructive material, which enables 
the surgery to be completed in a single stage. Another advan-
tage is that suprahyoid release may not be required. Therefore, 
the procedure is simplified, which shortens the operative time 
and decreases the rate of complications. Anastomotic recon-
struction of the trachea following CSR without suprahyoid 
release creates a stable upper air passage and is associated 

with lower perioperative morbidity. However, the present 
study has several shortcomings that require improvement. For 
example, the follow‑up times for patients with DTC were short. 
Therefore, accurate evaluations of the overall survival of the 
patients were difficult to obtain. Furthermore, the majority of 
patients who underwent CSR for invasive thyroid cancer (90%) 
survived at the conclusion of the follow‑up period. Therefore, 
the follow‑up of these patients will be continued.
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