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Background and Objective: Giant anterior mediastinal tumors sometimes may cause circulatory 
collapse and respiratory failure, known as mediastinal mass syndrome (MMS). The prediction and prevention 
of MMS is challenging. The aim of this study is to summarize the evaluation methods for MMS and 
formulate treatment strategies for giant anterior mediastinal tumors.
Methods: We performed a thorough analysis of recent international literature on giant anterior mediastinal 
tumors (>10 cm in diameter) and MMS published in the PubMed database. The search spanned the duration 
of the preceding 10 years from August 19, 2023, and only studies published in English were included.
Key Content and Findings: Mature teratomas and liposarcomas are the most common giant anterior 
mediastinal tumors and MMS develops most frequently in case of malignant lymphomas. Here, we propose 
a new treatment strategy for giant anterior mediastinal tumors. Based on imaging findings, giant anterior 
mediastinal tumors can be classified as cystic or solid and further blood investigation data are useful for 
a definitive diagnosis. When malignant lymphoma or malignant germ cell tumor is highly suspected, the 
first choice of treatment is not surgery but chemotherapy and radiotherapy. Moreover, image-guided 
drainage may be effective if giant cystic anterior tumors develop into MMS. The risk classification of MMS 
is important for treating giant anterior mediastinal tumors. If the MMS risk classification is ‘unsafe’ or 
‘uncertain’, the intraoperative management deserves special attention. The surgical approach should however 
be based on tumor localization and invasion of surrounding tissues. Multidisciplinary team coordination is 
indispensable in the treatment of giant anterior mediastinal tumors.
Conclusions: When giant anterior mediastinal tumors are encountered, it is important to follow the 
appropriate treatment strategy, focusing on the development of MMS based on imaging findings and 
symptoms.
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Introduction

Background

Giant anterior mediastinal tumors may cause severe 
hemodynamic and respiratory decompensation due to 
mass effects (1-11). Since mediastinal space is narrow, giant 
anterior mediastinal tumors are susceptible to mechanical 
compression or infiltration of the surrounding organs (4). 
The circulatory collapse and respiratory failure related to 
the compression are known as mediastinal mass syndrome 
(MMS), which may occur during biopsy or surgery, even in 
the absence of any symptoms, owing to the supine position 
and the use of sedatives and muscle relaxants (1-8,10,11). 
MMS is a life-threatening condition that can occur not only 
during anesthesia but also at any time in patients with large 
mediastinal tumors (2,6,7,10). Therefore, multidisciplinary 
peri-operative management strategies are required.

Rationale and knowledge gap

No specific guidelines have been established for the 
management of patients undergoing surgery for giant 
anterior mediastinal masses. Anterior mediastinal tumors 
represent a diverse group of diseases, and their treatment 
varies depending on their diagnosis (5). A comprehensive 
preoperative assessment based on the differential diagnosis 

and risk evaluation for MMS is required.

Objective

This  s tudy  a imed  to  summar i ze  the  eva lua t ion 
methods for anterior giant mediastinal tumors and safe 
perioperative management strategies. We present this 
article in accordance with the Narrative Review reporting 
checklist (available at https://med.amegroups.com/article/
view/10.21037/med-23-40/rc).

Methods

A literature review was conducted on August 19, 2023 by 
searching the PubMed database for the search terms (((giant) 
OR (huge)) AND (anterior) AND ((mediastinal) OR 
(mediastinum)) AND ((tumor) OR (mass))) and (mediastinal 
mass syndrome). Studies published over the past 10 years 
were selected for the analysis. Only studies published in 
English were included in this analysis. We also searched the 
references of the articles identified using this search strategy 
and selected those that were adjudged relevant. In this 
review, ((giant) OR (huge)) was defined as tumors >10 cm in 
diameter, with some selected from older references in the 
case of landmark papers or secondarily referenced in studies 
of interest (Table 1). 

Table 1 Summary of the search strategy

Items Specification

Date of search August 19th, 2023

Databases and other 
sources searched

PubMed

Search terms used (((giant) OR (huge)) AND (anterior) AND ((mediastinal) OR (mediastinum)) AND ((tumor) OR (mass)))

(mediastinal mass syndrome)

Timeframe 2013–2023

Inclusion and exclusion 
criteria

Inclusion criteria: all types of articles available in full text in English [(giant) or (huge) are defined as a tumor 
larger than 10 cm in diameter, with some select older references in the case of landmark papers or if secondarily 
referenced in studies of interest]

Exclusion criteria: as for case reports, tumors less than 10 cm in diameter or not listed

Selection process The records were first screened for title or abstract by three independent reviewers (K.T., D.K. and T.M.), and 
subsequently screened for full text. Then, the articles were evaluated collectively by all authors. Debate over 
article selection was resolved with consensus

https://med.amegroups.com/article/view/10.21037/med-23-40/rc
https://med.amegroups.com/article/view/10.21037/med-23-40/rc
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Search findings

Giant anterior mediastinal tumors

A literature search of studies published over the past decade 
revealed that mature teratomas (12-29) were the most 
common large anterior mediastinal tumors, exceeding  
10 cm in diameter. Some mature teratomas can grow 
rapidly and it has been estimated that approximately 15% 
of patients requires a resection extended to other structures 
(e.g., lobectomy, pericardiectomy) for complete tumor 
resection (4). Liposarcomas (30-40) were the second most 
common. Other tumors included thymomas (41-47), 
thymolipomas (48-52), thymic neuroendocrine tumors 
(NET) (53-56), malignant germ cell tumors (GCT) (57), 
and malignant lymphomas (58).

MMS

MMS is an acute hemodynamic and/or respiratory 
decompensation that occurs because of mechanical 
compression caused by mediastinal tumors (1-11). MMS can 
be aggravated by the induction of anesthesia or positional 
changes during surgery. However, it can occur at any stage 
of anesthesia (2,6,7,10). Asymptomatic patients can also 
develop MMS.

Hemodynamic decompensation occurs when an anterior 
mediastinal tumor compresses the heart and great vessels 
[superior vena cava (SVC) and pulmonary artery (PA)]. The 
induction of general anesthesia results in decreased venous 
return, which reduces right ventricular filling and causes 
low cardiac output (1,7). In the context of respiratory 
failure, supine positioning and positive pressure ventilation 
contribute to compression of the heart and great vessels, 
resulting in acute circulatory collapse (1,6,7). Compression 
of the SVC reduces the venous return of the upper half 
of the body (1,7). Therefore, edema of the face and upper 
extremities may occur (1,7,8). Furthermore, coughing, 
wheezing, dyspnea, and dysphagia are symptoms of 
pharyngeal and laryngeal edema (1). Cerebral edema causes 
headaches and disorders of consciousness. These conditions 
are referred to as SVC syndromes (1,6-8). PA compression 
may impair pulmonary perfusion, cause hypoxemia, acute 
right ventricular failure, and cardiac arrest.

Respiratory failure is caused by the mechanical 
compression of the trachea and/or main bronchus by a 
tumor. Induction of general anesthesia aggravates critical 
respiratory conditions (1,6,7,11). The use of sedatives 
or muscle relaxants causes a decrease in the respiratory 

muscle tone and elevation of the diaphragm (1,6,7,11). 
The position of the tumor changes, thereby increasing the 
risk of mechanical airway obstruction. Furthermore, loss 
of spontaneous breathing during controlled ventilation 
promotes the onset of respiratory complications (1,2,6,7). 
Positive pressure ventilation increases pleural pressure 
and strengthens the compression of mediastinal structures 
(1,6,7). The supine position during anesthesia induction 
also increases compression of the mediastinal structures 
because of the gravitational effect. This posture also causes 
a reduction in the transverse diameter of the thorax and 
cephalad displacement of the diaphragm, which increases 
the intrathoracic pressure, thereby promoting airway 
compression and impairing ventilation (7,59).

Tan et al. (2) reviewed 85 patients from 77 case reports. 
They reported that 48 (56.5%) patients had anterior 
mediastinal tumors with larger diameters than tumors of 
the superior, middle, and posterior mediastinum. MMS 
also occurred in 39 of 85 patients (45.9%), 25 of whom 
had anterior mediastinal tumors. Of the 39 patients who 
developed MMS, lymphomas were the most common, 
accounting for 15 (38.5%), suggesting that lymphomas may 
grow at a faster rate depending on the histologic type and 
that respiratory and circulatory compensations often do not 
occur in time. 

Risk classification of MMS

Coordination of a multidisciplinary team (thoracic 
surgeons, anesthesiologists, respiratory medicine physicians, 
oncologists, radiologists, pathologists, cardiovascular 
surgeons, and clinical engineers) is indispensable for the 
management of giant anterior mediastinal tumors (3,5,7).

First ,  the presence of  symptoms is  ident i f ied. 
Preoperative orthopnea and upper body edema are high-risk 
factors for anesthesia-related complications in children (8). 
Orthopnea: P=0.033, odds ratio (OR) 5.31, 95% confidence 
interval (CI): 1.15–24.56, upper body edema: P=0.035, OR 
8.00, 95% CI: 1.16–55.07 (8). Other symptoms included 
chest distress, dyspnea, swelling, tachycardia, cyanosis, and 
stridor (Table 2) (2,6). Symptomatic patients are generally 
at a higher risk of MMS (1-3,5-8,10). The prediction 
of perioperative complications were the occurrence of 
cardiorespiratory signs and symptoms at presentation (OR 
6.2, 95% CI: 1.2–31.5) (10). It is also important to identify 
the ‘rescue position’, the position at which the symptoms 
are alleviated (1,2,5-8).

R i sk  c l a s s i f i c a t ion  were  ba sed  on  symptoms , 
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tracheobronchial compression, and heart/great vessel 
compression (Table 2) (1-3,5-7,10). Tracheal cross-sectional 
area (CSA) is an indicator of tracheal stenosis. A >50% 
reduction in normal CSA has been reported to increase the 
risk of perioperative respiratory complications (1-3,6-8,10) 
even in asymptomatic patients (3).

Differential diagnosis and preoperative 
management

Imaging study

Computed tomography (CT) can be used to confirm 
the location and size of a tumor and its relationship with 
the trachea, bronchi, heart, and great vessels (4-7). The 
evaluation of airway stenosis is also important. Contrast-
enhanced CT allows for the differentiation of vascular 
abnormalities, evaluation of intratumoral necrosis, 
compression of the great vessels, and intravenous thrombus 
(1,60). Magnetic resonance imaging (MRI) is inferior 
to CT in terms of its spatial resolution but superior in 
qualitative evaluation. This provides valuable insight into 
the differential evaluation of solid and cystic lesions (60). 
MRI is a sensitive technique for differentiating soft tissues 
and delineating their boundaries. CT and MRI findings 
can predict the differential diagnoses (60). Solid masses 
included thymic epithelial tumors, thymic NETs, malignant 
lymphomas, GCTs, thymic hyperplasia, and thymolipomas. 
Cystic masses include thymic cysts, pericardial cysts, mature 
cystic teratomas, substernal goiters, ectopic parathyroid 
cysts, and neurogenic tumors (60). Positron emission 
tomography (PET)-CT is effective in differentiating 
benign and malignant thymic epithelial tumors because 
of differences in the maximum standardized uptake value 
(SUV) (61,62). However, it is not an appropriate tool for 
providing additional anatomical information (4).

Blood investigation data

Differential diagnoses can be made based on the blood 
investigation data. Patients positive for anti-acetylcholine 
receptor antibodies demonstrate an increased probability 
of thymoma even when they do not have myasthenia  
gravis (63). Levels of soluble interleukin-2 receptor (sIL-2R) 
are elevated in malignant lymphomas (63). If either alpha-
fetoprotein (AFP) or beta-human chorionic gonadotropin 
(β-HCG) levels are elevated, the diagnosis of yolk sac tumor 
or choriocarcinoma, respectively, can be made, and a biopsy 
is not necessary (63,64). Malignant nonseminomatous germ 
cell tumor (NSGCT) can be diagnosed by abnormally high 
levels of AFP and β-HCG without waiting for biopsy or 
other pathology results, and chemotherapy can be initiated 
immediately in such cases (64).

Physiological function tests

Echocardiography can be used to evaluate the status 
of compression of the heart and great vessels, cardiac 
function, and the presence of pericardial effusion (2, 5, 10).  
Pulmonary function tests have been reported to have 
low sensitivity in predicting intraoperative respiratory 
complications (1). However, they can also be used to predict 
the risk of postoperative respiratory complications. Béchard 
et al. demonstrated that a peak expiratory flow rate (PEFR) 
of <40% was associated with a >10-fold increase in the risk 
of postoperative respiratory complications (P=0.010, OR 
=12.8, 95% CI: 1.5–47.1) (10). Bronchoscopy can also be 
used to evaluate the airway stenosis. The rescue position 
can be ascertained by changing the patient’s position (5).

Biopsy

Biopsy is of paramount importance because the treatment 

Table 2 Risk classification of mediastinal mass syndrome [adapted from Tan et al. (2) under the terms of the CC-BY license]

Risk classification Signs and symptoms Imaging examination findings

Safe No No

Unsafe Yes: chest distress, dyspnea, swelling, tachycardia, cyanosis, 
orthopnea, stridor, SVC syndrome

Yes: tracheobronchial CSA <50% or 
compressed heart/vessel

Uncertain Yes No/NA

No Yes

SVC, superior vena cava; CSA, cross-sectional area; NA, not available.
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Figure 1 Differential diagnoses and preoperative management of giant anterior mediastinal tumor. sIL-2R, soluble interleukin-2 receptor; 
AFP, alpha-fetoprotein; β-HCG, beta-human chorionic gonadotropin; s/o, suspect of; ML, malignant lymphoma; MGCT, malignant germ 
cell tumor; NET, neuroendocrine tumor.
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varies depending on the pathological diagnosis (Figure 1).  
B i o p s y  t e c h n i q u e s  i n c l u d e  u l t r a s o u n d - g u i d e d 
endoscopic biopsy, percutaneous image-guided needle 
biopsy, parasternal anterior mediastinotomy, cervical 
mediastinoscopy, video-assisted thoracoscopic surgery 
(VATS), and open surgery (4,63). However, for giant 
tumors, biopsy under general anesthesia increases the risk 
of MMS (9,11). If the MMS risk classification is ‘unsafe’ 
or ‘uncertain’, biopsy in a comfortable position with local 
anesthesia is preferred. Cytopathological evaluation of 
pleural effusions or biopsies of palpable lymph nodes 
on the body surface may provide a definitive diagnosis 
(6,65). Early initiation of chemotherapy after a definitive 
diagnosis is important to improve the survival of patients 
with malignant lymphoma (4,58). Among malignant GCT, 
seminomas respond to chemotherapy and radiotherapy (64).  
NSGCT are treated with chemotherapy, followed by 
surgical resection of residual tumors (57). If the imaging 
findings are those of a cystic lesion and there is no 
elevation in the levels of tumor markers, although cancer 
antigen-125 (CA-125) may be elevated in the presence 
of inflammation (20), a mature cystic teratoma is more 

likely to be diagnosed. Image-guided drainage results in 
tumor shrinkage reduces the risk of MMS (12,19,24,28). If 
thymoma is strongly suspected and resectable, a penetrating 
biopsy of the pleura should be avoided because of its 
potential for dissemination (66). Preoperative chemotherapy 
or radiotherapy is indicated for complete resection of locally 
advanced thymomas (4,41,43,44,46,67). 

Intraoperative management

If the MMS risk classification is ‘unsafe’ or ‘uncertain’, 
intraoperative management deserves special attention as 
follows (2).

Rescue position

It is important to determine the patient’s comfortable 
position or ‘rescue position’. The Fowler’s position (elevated 
upper body) is reportedly effective in patients with SVC 
syndrome (7). Lateral decubitus (59) and prone (68)  
positions are also useful. A positional change in the 
contralateral direction in which the tumor weight is 
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applied (e.g., left lateral decubitus position if the trachea 
is compressed mainly from the left thoracic cavity on CT 
images) is usually selected. However, if the patient is placed 
in a prone position, it is difficult to establish extracorporeal 
membrane oxygenation (ECMO). Leaving patients in 
‘rescue position’ as long as possible during any induction for 
anesthesia is important.

Airway management

If the tracheal carina or main bronchus is compressed, 
the intubation tube is advanced beyond the stenosis to 
ventilate the distal airway. The double-lumen tube allows 
for intubation beyond the distal airway stenosis and 
provides good surgical vision during tumor resection by 
providing isolated lung ventilation (5). Intubation beyond 
the distal portion of the stenosis is expected to be difficult 
in malignant cases because the tumors are generally firm. 
In these cases, the use of a rigid bronchoscope should be 
considered. In cases with airway emergency, temporary 
endotracheal stenting is effective after establishment of 
veno-venous ECMO (VV-ECMO) under local anesthesia 
(58,69).

ECMO

Indications for ECMO are cardiac support, respiratory 
support or a combination of both (70). Veno-arterial 
ECMO (VA-ECMO) is preferred in patients at high risk of 
respiratory and hemodynamic collapse. VV-ECMO should 
be used in patients with isolated respiratory symptoms and 
airway compression (1). If respiratory and/or circulatory 
distress is obvious in adults, a sheath should be placed 
on the femoral artery and vein (depending on the type of 
ECMO setup chosen), so that ECMO can be introduced 
promptly before the induction of general anesthesia  
(1-3,5-7). Clinical engineers should be available in the 
operating room for the whole duration of surgery with 
a primed ECMO machine (1,7). Furthermore, ECMO 
should be on standby in asymptomatic patients with highly 
compressed trachea, main bronchus, heart, and great 
vessels. In infants, it is difficult to administer ECMO 
under local anesthesia. Ramanathan et al. (3) advocated 
that the following cases should be considered a ‘high-risk’ 
group: (I) acute SVC syndrome, (II) PA or right ventricular 
outflow tract (RVOT) obstruction, (III) > 50% airway 
compression, and (IV) cardiac or great vessel involvement/
invasion with possible need for cardiac or vascular excision 

or reconstruction. 

Induction of anesthesia

In cases of SVC compression or obstruction, intravenous 
access routes should be secured in the lower extremities 
(femoral vein) (1,5-7,10). The administered drug cannot 
be reliably perfused in SVC syndrome, and there is a risk 
of further increase in the central venous pressure. The 
use of short-acting medications is important to maintain 
normal muscle tone and adequate spontaneous breathing 
(1,2,5,7). Therefore, careful attention should be paid to 
the use of sedatives and muscle relaxants in these patients. 
Ideally, airway management should be performed while 
the patient is awake and maintains spontaneous breathing 
(7,56). Erdös et al. (7) delineated the following 12 rules for 
perioperative anesthesia management of MMS in adults: 
(I) interdisciplinary team consultation; (II) possibility 
of irradiation/chemotherapy; (III) clinical/radiological 
findings; (IV) MMS-risk classification; (V) availability of 
adequate number of staff; (VI) no premedication; (VII) 
transportation with anesthesiologist; (VIII) intravenous 
access in the lower extremity; (IX) pulse oximetry to the 
right arm; (X) artery catheter/central venous access; (XI) 
flexible operating table. ‘comfortable’ position; (XII) 
alternative airway/circulation options (e.g., cannulation of 
femoral vessels). 

MMS occurrence

In the event of occurrence of MMS, the patient should 
be repositioned to the ‘rescue position’ by moving the 
operating table. During respiratory decompensation, 
the intubation tube should be advanced beyond the 
obstruction area to ventilate the distal airway section or 
a rigid bronchoscope should be inserted. Inotropes and 
hyperosmolar solutions must be administered to prevent 
circulatory collapse. If there is no improvement, ECMO 
should be established, and emergency thoracotomy should 
be performed quickly to release the mechanical compression 
of the tumor. 

Figure 2  shows a flowchart of the perioperative 
management and strategies for giant anterior mediastinal 
tumors (2,3,5).

Surgical approach

A surgical approach is essential to reach and resect the 
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Figure 2 Flowchart depicting the perioperative management and 
strategies for giant anterior mediastinal tumor. Reprinted/adapted 
with permission from Ramanathan et al. (3) and Li et al. (5), and 
under the terms of the CC-BY license for Tan et al. (2). SVC, 
superior vena cava; PA, pulmonary artery; RVOT, right ventricular 
outflow tract; ECMO, extracorporeal membrane oxygenation; 
MMS, mediastinal mass syndrome.

tumor properly. Median sternotomy is a commonly used 
approach for mediastinal tumor resection (4). It allows 
better exposure of the superior and anterior mediastinal 
lesions. However, it is not suitable for tumors extending 
into the thoracic cavity because of poor access to the hilum 
or posterior thorax (47).

Lateral thoracotomy was considered when the tumor 
was unevenly distributed to the right or left. Lateral 
thoracotomy combined with median full sternotomy 
(20,25,27,39) and upper partial sternotomy combined with 
lateral thoracotomy [hemi-clamshell thoracotomy (47)] are 
effective for achieving good surgical vision.

Clamshell  thoracotomy (13,30,32,37,38,40,44), 
although highly invasive, involves a large transverse 
incision that allows access to the bilateral pleural lumen. 
Sometimes, a longitudinal sternal incision is added to 
clamshell thoracotomy (40,44). The addition of an upper 
partial sternotomy provides a good view of the superior 
mediastinum, while the addition of a lower partial 
sternotomy is useful for the resection of tumors situated on 
the diaphragm.

VATS has also been used in some cases (16,26,29,45). 
However, this approach requires the use of advanced 
techniques. VATS may be effective in a limited number of 
giant anterior mediastinal tumors.

Postoperative management

Cases classified as ‘unsafe’ or ‘uncertain’ according to the 
risk classification should be managed postoperatively in 
the intensive care unit. Early extubation reduces the risk 
of postoperative complications. Therefore, adequate pain 
management is recommended. Epidural anesthesia was 
effective. However, it is difficult to use this technique 
in patients at a risk of hypotension or coagulopathy. 
Systemic heparinization is necessary in cases of ECMO and 
cardiopulmonary bypass; however, the risk of hematoma 
with epidural catheters remains controversial. An erector 
spinae plane block (1) or thoracic paravertebral block may 
be an effective alternative to epidural anesthesia.

Strengths and limitations

This article describes the differential diagnosis of giant 
anterior mediastinal tumors and the corresponding 
strategies based on the MMS risk classification. However, as 
mediastinal tumors are rare, this review does not encompass 
all entities.

Induction of anesthesia
•	Venous access in the lower extremity
•	Short acting medications
•	Awake fibreoptic intubation
•	Consider double lumen tube or rigid 

bronchoscope
•	Avoidance of muscle relaxants
•	Spontaneous breathing
•	Rescue position

•	Acute SVC syndrome
•	PA or RVOT obstruction
•	Airway compression >50%
•	Cardiac or great vessel involvement/invasion 

with possible need for cardiac or vascular 
excision

Risk classification (Table 2) 

Assessment

Differential diagnosis (Figure 1)

•	Rescue position
•	Use rigid bronchoscope
•	Use inotropes, hyperosmolar solutions
•	ECMO establishment
•	Emergency thoracotomy

Surgical resection (or biopsy)

MMS occurrence

ECMO standby

Symptoms, imaging study, blood investigation data
physiological function test

Tumor size reduction (if possible)
Drainage, chemotherapy, radiotherapy, etc. 

Unsafe/uncertain

Safe

Femoral access (local anesthesia)

No

No

Yes

Yes

General anesthesia 
(muscle relaxants)
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Conclusions

When encountering a giant anterior mediastinal tumor, 
the degree of symptoms should be checked, and the status 
of the airway and heart/great vessel compression should 
be confirmed using imaging studies. Risk assessments of 
MMS and differential diagnoses should be performed 
simultaneously. Depending on the differential diagnosis, 
tumor reduction following surgery is effective. Biopsy and 
surgery must be carefully planned and multidisciplinary 
team coordination is essential.
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