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Background: The present study aimed to investigate the incidence and extent of difficult 
airway management in patients with massive retrosternal goiter.
Design: An 8-year retrospective analysis was performed to identify patients who underwent 
massive retrosternal thyroidectomy. A total of 22 cases were identified as giant retrosternal 
goiter, followed by a review of each patient’s preoperative computerized tomography 
imaging.
Interventions: There were no cases of failed intubation. Twenty patients underwent 
uneventful tracheal intubation using direct laryngoscopy or Glidescope. Thirteen patients 
received a muscle relaxant intravenously, and two patients were induced with sevoflurane. 
Five patients underwent awake tracheal intubation, including awake fiberoptic intubation in 
three patients. Before entering the operating theatre, the remaining two patients underwent 
oral tracheal intubation with Glidescope in the emergency department.
Results: Two patients had tracheal intubation before they entered the operating theatre. Once 
entering vocal cords, tracheal intubation can pass beyond the site of the tracheal obstruction 
without difficulty. One patient died because of serious perioperative bleeding owing to the 
adhesion between the retrosternal goiter and large vessel within the thoracic cavity. One 
patient experienced dyspnea after extubation and was intubated again.
Conclusion: Intravenous induction of muscle relaxant using laryngoscopy or Glidescope is 
feasible in patients with massive benign retrosternal goiter. The incidence of difficult 
intubation and postoperative tracheomalacia is likely too rare. Furthermore, perioperative 
bleeding and postoperative airway complication seem frequent.
Keywords: airway management, anesthesia, retrosternal goiter, postoperative 
tracheomalacia

Introduction
We present our clinical experience on the management of retrosternal goiters.

The retrosternal goiter was defined in numerous ways. The most widely accepted 
definition was that more than 50% of the enlarged thyroid gland is below the 
suprasternal notch.1 It was well documented that the incidence of retrosternal goiters 
were 0.02% −15%.2–4 Most retrosternal goiters are secondary, which combine with 
cervical thyroid and continue growth downward along the plane of the cervical and 
mediastinal fascia. Based on the different location in three longitude compartments of 
the mediastinum, the retrosternal goiters are classified into two classes: anterior 
substernal goiter and posterior substernal goiter, which is mainly coupled with the 
different surgical approach.5 In mediastinum as a confined space, the enlarged sub
sternal goiters compressed onto tracheal, esophagus, and even vital large vessels and 
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appeared high incidence of malignancy. So substernal goi
ters needed to be removed. As referenced, a standard cervi
cal incision was feasible for the majority of retrosternal 
goiter, but a sternal split or thoracotomy or combined cervi
cal with right posterolateral thoracotomy would be needed in 
some special patients.5

There were few studies investigating the role of 
enlarged thyroid in complicating airway 
management.6–8 Although the results disagreed on the 
risk factors for difficult airway among goiter patients, 
the consensus was that the classical assessment criteria 
(mouth opening, the Mallapati score, short neck, neck 
mobility, thyromental distance, and retrognathic mand
ible) were still reliable in predicting the difficult 
airway.6,7 Retrosternal goiter is not a common cause of 
different degrees of tracheal compression and tracheoma
lacia. All of these may lead to difficult intubation or 
postoperative tracheal collapse.7 Thus, we performed 
a retrospective review of the anesthetic management of 
patients with different extents of retrosternal goiter and 
examined the diversity of practice at our institution to 
determine whether airway management was unnecessa
rily concerned.

Methods
As this was a retrospective audit, formal ethical 
approval was not sought. However, the project was 
agreed upon by the institution. All thyroidectomies 
performed from January 2009 to January 2016 were 
identified using the Operating Room Management 
Information System (Medical System). This article 
adheres to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) 
guidelines.9 Then we examined electronic anesthetic 
charts and clinical records and selected patients with 
a diagnosis of massive goiter or retrosternal goiter. 
These cases were further cross-referenced with the 
hospital picture archiving to identify retrosternal exten
sion by using computerized tomography (CT) images 
via a single radiologist.

Data collected were included the patient characteristics 
(age, sex, height, and weight) and American Society of 
Anesthesiologists’ (ASA) Physical Status scores. We 
focused on the information related to anticipated difficult 
airway, including presenting symptoms (dyspnea, dyspha
gia, stridor, voice change, venous congestion located in the 
superior vena cava), anesthetic airway assessment, and 
especially the planned anesthetic management and 

subsequent induction of anesthesia and intubation. In addi
tion, perioperative complications were recorded.

Blood testing was performed for thyroid function 
and autoantibodies. Most cases had an indirect laryn
goscopy to ascertain vocal cord function preopera
tively. CT scan findings were recorded as part of this 
study and included thyroid size in the longitudinal axis 
and horizontal axis, the extent of thyroid gland descent 
into the thoracic cavity, and the diameter of the nar
rowest trachea, as well as tracheal deviation from the 
midline. In the anesthetic documentation, we collected 
the technique of the induction of general anesthesia 
(intravenous or inhalation), tracheal intubation (awake 
or post-induction), Cormack and Lehane grade of lar
yngoscopy, difficulty or failed intubation, and tracheal 
extubation.

Operative data such as procedure performed (total 
or hemithyroidectomy), need for sternotomy (total or 
partial), the volume of intraoperative blood loss, the 
need for blood transfusion, and the occurrence of evi
dent tracheomalacia were collected. Postoperative data 
included the need for reoperation, postoperative care 
admission (planned or unplanned), and identification of 
recurrent laryngeal nerve (RLN) palsy was collected.

Results
General Data
14,652 patients underwent thyroidectomy from 
January 2009 to January 2016 at the First Affiliated 
Hospital, School of Medicine, Zhejiang University, 
Hangzhou, China. Among these patients, 34 patients 
were documented as having an RSG. A total of 22 
cases were identified. The enlarged retrosternal thyroid 
gland was descended to the aortic arch or beyond. 
Among the 22 patients, 7 were males, and 15 were 
females with a median age of 62 years (range, 50–77 
years), and the history of illness was ranged from 24 to 
360 months. The main clinical features of the patients 
are shown in Table 1.

Thyroid Function Tests
Thyroid function was normal in four cases; however, thyr
oid peroxidase antibodies were elevated in eight patients, 
the thyroid-stimulating hormone was elevated in one case 
and decreased in six cases, free triiodothyronine and free 
thyroxin were elevated in two cases, and free thyroxin was 
decreased in two patients.
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B-Scan Ultrasound Examination
Fourteen cases were presented with bilateral thyroid nod
ular lesions with a maximum nodule diameter >10 cm, and 
eight patients were presented with bilateral diffuse thyroid 
lesions with a nodule formation.

Neck and Chest CT Examination
The mean major axis diameter of the thyroid was 114.2 ± 
19.5 mm, and the mean minor axis diameter was 63.6 ± 
14.4 mm. The length of the tracheal compression was 62.9 
± 30.1 mm. The minimal tracheal diameter ranged from 
2–16.4 mm, and the degree of compression at the narrowest 
point was >60%. The mean tracheal deviation from midline 
was 18.7 ± 9 mm, with nine patients having a tracheal 
deviation of 10–20 mm, four patients having a tracheal 
deviation of 20–30 mm, and four patients having 
a tracheal deviation >30 mm. Among twenty-two patients, 
substernal goiters in 21 patients located in anterior mediast
inal except for one patient with anterior crossed-over sub
sternal goiters from right to left.

Bronchoscopy
Three patients underwent bronchoscopy before surgery. 
External pressure stenosis in the upper right trachea was 

found in one patient, and total airway stenosis was found 
in one patient.

Preanesthetic Assessment
Twenty patients were classified as ASA II, and two 
patients were classified as ASA III. Twenty-two patients 
had an extent of mouth opening of >3 cm and 
a thyromental distance of >6 cm with Mallampati classes 
I or II.

Anesthesia
Thirteen patients were anesthetized by intravenous injec
tion of propofol. Two patients were anesthetized by sevo
flurane inhalation. Five patients were given awake tracheal 
intubation in which two patients completed endotracheal 
intubation under laryngoscopic guidance and three patients 
completed intranasal tracheal intubation with fiberoptic 
bronchoscope guidance. During the intravenous induction 
of anesthesia, after confirming no difficulty with mask 
ventilation, a muscle relaxant (rocuronium or cisatracur
ium besylate) was injected intravenously to assist intuba
tion. Standard laryngoscopes or video laryngoscopes were 
used for laryngoscopy. One case anesthetized by sevoflur
ane inhalation was completed by laryngoscopy under tra
cheal intubation. Another case with sevoflurane anesthesia 
was completed under nasal endotracheal intubation under 
the guidance of a fiberoptic bronchoscope. For all patients 
undergoing awake tracheal intubation, complete fiberoptic 
bronchoscopy-guided intranasal intubation or laryngo
scopy-guided tracheal intubation was completed after cri
cothyrotomy with topical anesthesia (2–3 mL of 2% 
lidocaine) supplemented with fentanyl or dexmedetomi
dine. Muscle relaxants were supplemented immediately 
after successful intubation. Intraoperative anesthesia was 
maintained using propofol, remifentanil, or sevoflurane. 
Among the twenty-two patients, two patients were brought 
into the operating room with tracheal tubes. One patient 
was given emergency bedside tracheal intubation in the 
ward for sudden dyspnea before surgery and one patient 
was given tracheal intubation after emergency admission 
due to syncope. Among the eight patients who had pre
operative symptoms of dyspnea, intravenous anesthesia 
was used in the five patients, awake tracheal intubation 
was used in two patients, and one patient was brought into 
the operating room with a tracheal tube.

A steel wire ring-reinforced tracheal tube with an inner 
diameter of 6.0–8.0 mm was used. In patients with 
a tracheal deviation from the midline of >30 mm, 

Table 1 General Clinical Characteristics of Patients (n = 22)

Age (Years) 62 (50–78)

Sex (number of patients)
Male 7

Female 15

Tracheal deviation from midline (mm, number 
of patients))

10–20 14
20–30 4

>30 4

Minimum tracheal diameter (mm) 6.4 (2–16.4)

Clinical symptoms (number of patients)
Asymptomatic 12

Dysphagia 1
Dyspnea 8

Dysphonia 1

Degree of mediastinal extension (number of 
patients)

To aortic arch 15
Between aortic arch and carina of trachea 2

To carina of trachea 5
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a tracheal tube with an inner diameter of 6.0–7.0 mm was 
selected. In patients with the narrowest tracheas of 
2–4 mm, a tracheal tube with an inner diameter of 
6.5–7.5 mm was selected. After the tracheal tube was 
inserted into the glottis, it passed the tracheal stenosis 
uneventfully, and no patient had difficulty with mechanical 
ventilation. The anesthesia management of the patients is 
summarized in Table 2.

Intraoperative and Postoperative Conditions
Thirteen patients underwent retrosternal goiter resection 
by cervical approach, and eight patients required combined 
with partial sternal split to complete the operation, and 
only one patient changed from partial sternal split to total 
sternal split temporarily. Two patients received intraopera
tive red blood cell transfusions. One patient had severe 
bleeding due to extreme adhesion of the thyroid gland to 
the surrounding blood vessels and difficulty in separation, 
and emergency intraoperative extracorporeal circulation 
was used. Because of the large wound surface and severe 
leakage of the blood, there was more bleeding. It was 
challenging to maintain stable postoperative circulation, 
making it hard to discharge the patient. Ten patients were 
planned to be transferred to the intensive care unit for 
postoperative tracheal catheter observation. After the cuff 
leak test evaluation, oxygen saturation was maintained 
above 95%, and the patients were extubated. One patient 
experienced dyspnea after extubation and was intubated 
again. No patient required another tracheal intubation due 
to postoperative hemorrhage and no patient developed 
symptoms of recurrent laryngeal nerve paralysis.

In terms of postoperative pathology, there were fifteen 
cases of nodular goiter, five cases of adenomatoid nodules, 
and two cases of follicular adenoma. The intraoperative 
and postoperative conditions of the patients are summar
ized in Table 3.

Discussion
Massive retrosternal goiter not only increases the difficulty of 
surgery, postoperative complications, and mortality but also 
poses a challenge to perioperative anesthesia management. 
Massive retrosternal goiter causes tracheal compression and 
deviation, which may cause a difficult airway and put stress 
on the cardiovascular system, leading to circulatory failure or 
postoperative tracheomalacia. Currently, the literature on 
perioperative anesthesia management for patients with huge 
retrosternal goiter is mostly limited to case reports.10,11

For patients with massive retrosternal goiter, the 
anesthesiologist should first focus on whether there is 
a difficult airway and then select an anesthesia induction 
protocol and tracheal intubation method. Most research
ers believe that patients with massive retrosternal goiter 
often have difficult airways, but recent research results 
do not support this view. In a study of anesthesia induc
tion protocols in 62 cases of goiter surgery in patients 
with tracheal compression by Findlay et al, the standard 
intravenous anesthesia induction protocol was used to 
complete tracheal intubation in 85% of patients.12 

Bennett et al showed that only 6 out of 1,969 patients 
who underwent through thyroid surgery had difficult air
ways for tracheal intubation.13 Of patients expected to 
have difficult airways before anesthesia, 87% completed 
intubation under direct laryngoscopy.14 In the present 
study, four patients with difficult airways on 
a preoperative evaluation completed tracheal intubation 
successfully under direct laryngoscopy or video laryngo
scopy with intravenous induction of anesthesia. Eighteen 
patients with a tracheal compression diameter of <1 cm 
also did not have difficult airways. Two patients were 

Table 2 Anesthesia Management of Patients

Anesthesiology Parameter n (Patients)

Method of anesthesia induction
Intravenous induction 13

Inhalation induction 2

Awake tracheal intubation 5

Laryngoscopy or video laryngoscopy 2
Fiber optic bronchoscopy 3

Tracheal tube brought into operation room 2

Table 3 Intraoperative and Postoperative Condition of Patients

Intraoperative and Postoperative Condition n (Patients)

Intraoperative sternotomy 9

Intraoperative blood transfusion 2

Pathological findings
Nodular goiter 15
Adenomatoid nodules 5

Follicular adenoma 2

Postoperative complications
Recurrent laryngeal nerve paralysis 0

Bleeding 0
Tracheomalacia 0

Dyspnea 1
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brought into the operating room with tracheal tubes, in 
which one patient had a narrowest tracheal inner dia
meter of about 2 mm, and completed intubation with 
video laryngoscopy in the emergency department.

According to the literature, conventional intravenous 
anesthesia induction, inhalation anesthesia induction, and 
awake fiberoptic bronchoscopy-guided tracheal intubation 
(oral or intranasal) are the most commonly used methods in 
patients with retrosternal goiter.15 The intravenous anesthesia 
induction protocol is not contraindicated in patients with retro
sternal goiter, nor is it the cause of the difficulty in direct 
laryngoscopic exposure. Of the 22 patients in the present 
study, 13 patients underwent tracheal intubation using intrave
nous anesthesia induction. Laryngoscopic exposure can be 
facilitated by the application of muscle relaxants during the 
intravenous anesthesia induction protocol. In specific patients, 
especially those who cannot tolerate hypoxia or be awake, 
awake fiberoptic bronchoscope-assisted endotracheal intuba
tion protocols are not tolerated and an intravenous anesthesia 
induction protocol is necessary.14 Switching to intravenous 
anesthesia induction is often successful after the failure of 
planned inhalation anesthesia induction or awake fiberoptic 
bronchoscopic intubation.16 The role of awake fiberoptic 
bronchoscope-guided tracheal intubation under challenging 
airways is generally recognized by anesthesiologists. 
However, for patients with symptoms such as wheezing or 
airway obstruction, the fiberoptic bronchoscope placement 
causes airway blockage that to result in the patient being unable 
to tolerate hypoxia. Therefore, the application of this technique 
in patients with severe tracheal obstruction is controversial and 
even considered contraindicated.17 In addition, skillful appli
cation of this technique requires long training and has 
a relatively steep learning curve. In anesthesia induction pro
tocols for patients with airway obstruction, inhalation induc
tion may be a more accepted method. However, inhalation 
anesthesia takes time, and the timing of laryngoscope insertion 
needs to be controlled appropriately, as inserting too early can 
cause airway complications, and insert too late can cause 
hypoxemia. Therefore, inhalation anesthesia induction 
involves a specialized skill, and thus it requires professional 
training. In a study by Dempsey et al, only 1 out of 34 patients 
with massive retrosternal goiter underwent through inhalation 
anesthesia had difficulty with glottic exposure and required an 
emergency tracheotomy. The Cormack-Lehane classification 
in the latter part of the operation with direct laryngoscopy was 
grade 2.15 Taken together with our study, it concluded that 
intravenous anesthesia induction and traditional laryngoscopy 
or video laryngoscopy could be used more safely in patients 

with benign massive retrosternal goiter. However, due to the 
limited number of patients in this cohort, a study with larger 
sample size is still needed for further clinical validation.

Patients with massive retrosternal goiter are often accom
panied by severe tracheal compression and deviation. In this 
study, 18 patients had a diameter of tracheal compression of 
<1 cm, so the selection of tracheal tube size is another issue 
considered by anesthesiologists. Based on the results of the 
present study, benign retrosternal thyroid tumors do not affect 
the selection of tracheal tube size, and the patient’s size can still 
be the principal basis for the selection of tracheal tube size. The 
steel-wire tracheal tube (inner diameter 7.0–7.5 mm) selected 
in the present study was successfully inserted into the glottis 
and passed through the stenosis. Unlike the invasive growth of 
malignant tumors, benign thyroid tumors have only external 
compressive forces that narrow the trachea. Because of its 
flexibility and mobility, the steel-wire tracheal tube can still 
open and pass the site of tracheal stenosis without affecting 
positive pressure ventilation even if the trachea is severely 
compressed. However, malignant thyroid tumors may infiltrate 
the trachea, and surgery may require a tracheotomy.

Besides, although massive retrosternal goiters are located 
in the mediastinum, they originate in the neck and, therefore, 
represent different anesthesia risks than mediastinal tumors. 
Benign retrosternal goiter rarely carries the risk of serious 
cardiovascular events due to tumor collapse resulting in airway 
obstruction or compression of the cardiovascular system after 
anesthesia induction. Preoperative visualization of the blood 
supply of the tumor on chest CT can help to distinguish 
between retrosternal goiter and mediastinal tumors. 
Therefore, preoperative CT is also vital in patients with retro
sternal goiter. Before an operation, the anesthesiologist also 
needs to read the CT carefully and entirely communicate with 
the surgeon to know whether the tumor is benign or malignant 
and get other necessary information.

Tracheomalacia is a major concern after massive retro
sternal goiter resection. After resection, the trachea may col
lapse due to loss of support from the surrounding tissues that 
cause suffocation. This view is currently being questioned. An 
analysis of 34 papers and 2,426 patients with retrosternal goiter 
by Huins et al showed that the incidence of tracheomalacia was 
<1%.8 Chauhan et al and Sudan et al reported that the incidence 
of tracheomalacia was about 0.05%.18,19 A postoperative 
investigation by Findlay et al on patients with goiter with 
severe tracheal compression found that the incidence of post
operative tracheomalacia is zero.12 However, the incidence of 
tracheomalacia after resection of massive retrosternal goiter 
extending to the aortic arch can reach 10%.8 In the present 
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study, ten patients were planned to be sent to the ICU after the 
operation, one of which needed intubation again after the 
extubation of the tracheal tube due to dyspnea. The indications 
for extubation should be strictly controlled after the operation, 
and the tracheal tube should be removed after the patient is 
fully awake.

The limitations of the present study are as follows: (1) This 
is a retrospective study with a small number of cases. It is 
limited by the incidence of massive retrosternal goiter, and no 
better solution to this problem exists. (2) The pathological 
results of all the patients in this study indicated benign goiters; 
therefore, the scope of the conclusions of this paper is limited. 
The incidence of difficult airway in benign massive retrosternal 
goiter is low, and tracheal tubes can pass more easily through 
a narrowed trachea. Nevertheless, we still encourage anesthe
siologists and surgeons to fully communicate before surgery to 
obtain a clear understanding of airway management and to be 
more fully prepared for airway emergencies.

Conclusion
The results of the present study show that adequate commu
nication between the anesthesiologist and the surgeon may 
prevent difficult airways in patients with benign massive retro
sternal goiter. They can choose between intravenous anesthe
sia induction protocols and laryngoscopy for tracheal 
intubation, and they should exercise vigilance for 
tracheomalacia.
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