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Mediastinal pathology presents a diagnostic and therapeutic 
dilemma that requires management from a multidisciplinary 
team, often consisting of members of various specialties, 
including an anaesthetist, surgeon, radiologist, oncologist and 
intensivist.1 Discourse and planning are paramount. 

Anatomy of the mediastinum

The mediastinum is divided into a superior and inferior part, 
the division being an imaginary line extending from the 
sternomanubrial junction to the T4 vertebra. The inferior part 
is further divided into three parts. Of these three parts, the 
anterior mediastinum lies posterior to the sternum, anterior 
to the pericardium, superior to the diaphragm, inferior to the 
superior mediastinum and medial to the parietal pleurae. The 
middle mediastinum is bordered anteriorly by the anterior 
margin of the pericardium, posteriorly by the posterior border 
of the pericardium, laterally by the mediastinal pleura (parietal 
pleura) of the lungs, superiorly by the superior mediastinum and 
inferior by the diaphragm, whereas the posterior mediastinum is 
situated posterior to the pericardium and great vessels, anterior 
to the T4–T12 vertebrae, superior to the diaphragm, inferior to 
the superior mediastinum and lateral to the parietal pleurae.1

Presentation of mediastinal tumours

In children under the age of two years, most tumours are benign 
and the incidence of malignancies increases above this age.1 
Different types of malignant tumours are found in the three 
different parts of the inferior mediastinum. In children, the most 
common anterior mediastinal tumours are lymphoma (Hodgkin 
and non-Hodgkin), thymoma and teratoma.1 In the middle 
mediastinum lymphoma is the most common with tumours 
of neuronal tissue most frequently found in the posterior 
mediastinum. The clinical presentation depends on where the 
tumour is situated and which structures are compressed (see 
Table I). 

Techniques of mediastinoscopy

Mediastinoscopy was first described by Harken2 in 1954, followed 
by the development of the suprasternal approach by Carlens3 

and his colleagues in 1959 and the anterior mediastinotomy 
approach by Chamberlain4 in 1966. By permitting minimally 
invasive access to the mediastinum, mediastinoscopy is utilised 
to obtain biopsies of mediastinal lymph nodes and masses in 
order to facilitate tissue diagnosis for staging and treatment 
purposes.5 It is therefore mainly a diagnostic procedure. 

Superior (cervical) mediastinoscopy is not commonly used in 
children,6 although its safe use has been reported in children 
older than one year.7,8 The technique utilises a small transvers 
incision in the suprasternal notch, with advancement of the 
scope through the pretracheal fascia into the mediastinum 
and down towards the carina. The scope is therefore inserted 

Table I. Clinical presentation of mediastinal tumours1

Involved structures Symptoms and signs

Airways and lungs Cough
Dysponea
Orthopnoea (exacerbated in supine 
position)
Stridor
Cyanosis
Wheezing
Decreased breath sounds
Haemoptysis
Hoarseness

Heart and great 
arteries

Fatigue
Headache
Syncope
Orthopnoea
Hypotension (tamponade or cardiac 
compression)
Pulsus paradoxus

Superior vena cava Headache
Oedema of the head and neck
Distended neck and chest veins
Plethora
Cyanosis of the face, neck and arms
Proptosis
Horner syndrome (sympathetic chain 
involvement)

Other symptoms Pain
Dysphagia
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anterior to the trachea and posterior to the aortic arch and lies 
in close proximity to several major vessels in the mediastinum.9 
Although this technique is advantageous due to its minimally 
invasive nature, it affords the surgeon only limited access to 
lymph nodes in the superior mediastinum up to the level of the 
carina (anterior and lateral para-mainstem bronchial, anterior 
subcarinal, anterior and lateral paratracheal lymph nodes)9 and 
allows poor access to the aorticopulmonary window.5 Successful 
biopsy of the thymus has been done through this route.10 

The anterior mediastinotomy (also called anterior 
mediastinoscopy), of which the Chamberlain’s procedure is 
one example, is a surgical technique where the second or 
third intercostal space is incised lateral to the sternum to allow 
access to the anterior mediastinum, right paratracheal area and 
aorticopulmonary window,1 where biopsies of lymph nodes and 
anterior mediastinal masses can be obtained. 

Middle and posterior mediastinal masses are biopsied through 
thoracoscopy or thoracotomy.

Contraindications to superior mediastinoscopy

Absolute contraindications to superior mediastinoscopy are listed 
as anterior mediastinal masses, inoperable tumours, previous 
recurrent laryngeal nerve injury, severely debilitated patients, 
ascending aortic aneurisms and previous mediastinoscopy (due 
to adhesions) while relative contraindications mentioned include 
severe tracheal deviation, cerebrovascular disease, superior vena 
cava syndrome and descending thoracic aortic aneurism.9,11

Anaesthetic implications of mediastinal masses

Patients booked for superior mediastinoscopy usually present 
with mediastinal lymph nodes but no anterior mediastinal 
masses (as these are contraindications to the procedure).11 
Those for Chamberlain’s procedure may present with a range 
of symptoms from asymptomatic to severe respiratory or 
cardiovascular compromise. Patients with mediastinal masses 
may present with superior vena cava (SVC) syndrome and are 
at risk of compression of the heart, the great vessels or the 
tracheobronchial tree (often below the level of an endotracheal 
tube), especially under anaesthesia (see below). Anaesthetic 
risk is increased in patients with a narrowing of the trachea 
or bronchi on computerised tomography (CT) scan to < 50% 
of predicted cross-sectional area.12 Symptoms like dyspnoea 
are good predictors of the degree of obstruction, with a good 
correlation between severity of symptoms and cross-sectional 
area of the airways.13 

The compression effects of mediastinal tumours place these 
patients at severe risk of decompensation under anaesthesia.1 
During general anaesthesia, especially with the use of muscle 
relaxants and positive pressure ventilation, lung volume is 
reduced due to a loss of inspiratory muscle tone and the loss of 
the tethering effect of the expanded lung on the airway, which 
is normally present during spontaneous ventilation. There is a 
reduction in the normal transpleural pressure gradient which 
distends the airway during spontaneous inspiration, leading 
to further reduction in airway caliber. Whereas the diaphragm 
moves in a caudad direction during spontaneous inspiration, 

pulling the airways open, it moves cephalic at end-expiration 
during positive pressure ventilation, resulting in further airway 
compromise. Gravity pulls the tumour onto the great vessels and 
tracheobronchial tree. These effects are exaggerated in small 
children due to the increased cartilages component of their 
ribs which results in an increased compliance of the chest wall 
and an inability of the chest wall to support the tumour which 
then compresses major structures in the mediastinal cavity. 
The small child already has small diameter airways with high 
airway resistance. Poiseuille14 teaches that during laminar flow 
in a tube, resistance is inversely proportional to the radius to the 
power of four. During positive pressure ventilation, laminar flow 
is disrupted and during subsequent turbulent flow, the pressure 
gradient that drives gas flow is proportional to the density of the 
gas. Heliox, a mixture of oxygen and helium (helium has a lower 
density than air) has been used successfully in a child with a 
mediastinal mass during anaesthesia with a laryngeal mask and 
spontaneous breathing.15 Due to the above pathophysiological 
reasons, spontaneous ventilation is preferred in patients with 
mediastinal masses. The oxygen demand in children is higher 
than in adults and the functional residual capacity (FRC) of 
the child is reduced, predisposing to faster desaturation. The 
addition of CPAP during spontaneous ventilation could maintain 
the FRC.16 

Two possible disadvantages to spontaneous breathing during 
superior mediastinoscopy are firstly the possibility that the child 
might move in the absence of a muscle relaxant, with subsequent 
injury to any of the vital structures adjacent to the scope and 
secondly the possibility of air embolism, as this procedure is 
done in the head-up position to reduce engorgement of blood 
vessels and the operative site is therefore above the heart. The 
tip of the mediastinoscope is located intrathoracically and 
therefore directly exposed to pleural pressure, making the 
possibility of venous air embolism likely when venous bleeding 
occurs. Spontaneous breathing will enhance this risk due to the 
generation of negative intrathoracic pressure during inspiration.9

Perioperative management of patients for 
mediastinoscopy

The preoperative preparation of the child should aim at 
optimising respiratory and cardiovascular function.1 In patients 
with mediastinal masses, the nocturnal sleeping position of 
the child (likely position to cause least compression of major 
structures) should be determined. A thorough history and clinical 
examination1 aim to detect SVC syndrome, tracheobronchial 
compression, compression of the heart or great vessels, 
involvement of the myocardium, cardiac tamponade and other 
complications of mediastinal masses as well as complications 
generally associated with malignancies or chronic disease. It 
should be remembered that wheezing is often the only sign of 
tracheobronchial compression in small children.17 A peripheral 
lymph node should always be sought. This could be used for 
biopsy under local anaesthesia with sedation and will spare 
the patient a general anaesthetic with the associated risks. 
The child should also be assessed for contraindications for the 
procedure.9 Special investigations1 include a full blood count 
with platelet count, renal function and electrolytes. Blood gas 
analysis should be done per indication. Imaging should include 
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a chest X-ray and a contrast-enhanced CT scan to determine 
the size of the mass or lymph node involvement. Magnetic 
resonance imaging (MRI) scans may be better able to determine 
nerve plexus and blood vessel involvement and are especially 
indicated in patients with iodine allergy or in thyroid tumours. 
Transthoracic echocardiography can assess the involvement 
of cardiac structures and supply dynamic information about 
ventricle compression, SVC compression and compromise 
of the pulmonary outflow tract.16,18 Some authors advocate 
the usefulness of lung function tests in the supine and sitting 
positions in older children,1 which may reveal distortion of the 
expiratory flow rate in intrathoracic obstruction, distortion of 
inspiratory flow rate in extrathoracic obstruction and equal 
reduction in inspiratory and expiratory flow rates in fixed lesions. 
Others argue against the usefulness of lung function tests in the 
work-up of patients with mediastinal masses due to their poor 
correlation with the degree of obstruction.16  

The need for biopsies are often urgent, as some common 
Hodgkin lymphomas display a doubling time of 12 hours.16 If the 
tumour is large with significant cardio-respiratory compromise, 
steroids and/or irradiation are suggested in order to shrink the 
tumour and reduce its compression effects. Although this might 
compromise the integrity of the tissue and reduce the likelihood 
of a proper tissue diagnosis,16 studies have shown that adequate 
tissue diagnosis is possible, especially if a section of the tumour 
is shielded from radiation.19

Standard nil per os guidelines are adhered to, prophylactic 
antibiotics prescribed or administered in theatre and blood 
products ordered on standby. Sedative premedication is 
probably best avoided in patients with cardiovascular or 
respiratory compromise. 

Theatre preparation includes a variety of reinforced (armoured) 
endotracheal tubes of different sizes, micro-laryngeal tubes 
(MLT; Covidien Inc) which are paediatric size tubes but of adult 
length, different sizes rigid bronchoscopes, and a competent 
surgeon able to use the scopes. These airway devices can be 
used to bypass an obstruction in the tracheobronchial tree. The 
presence of perfusion technologists and a cardiopulmonary 
bypass (CPB) pump are regarded essential by some, while others 
feel that CPB should be instituted electively if the risk of complete 
cardiovascular or tracheobronchial compression exists, as CPB 
cannot be successfully instituted in time in the event of sudden 
collapse.1

Patients with mediastinal masses are positioned in the semi-sitting 
position1 as the supine position often exacerbates symptoms. 
Patients for superior mediastinoscopy are positioned head-up 
(30 °)20 to reduce vascular engorgement,9 thereby reducing the 
risk of vascular injury during surgery. This has the added benefit 
of displacing the diaphragm in a more caudad direction during 
positive pressure ventilation,16 but increases the risk of venous 
air embolism9 (see above). To enable access to the operative site, 
the trunk of the patient is often elevated and the neck extended, 
especially for superior mediastinoscopy. When anaesthetising 
patients with mediastinal masses, theatre personnel should be 
prepared to change the position of the patient at any stage in 
case of cardiovascular collapse or tracheobronchial obstruction. 

The preferred position then is the one determined preoperatively 
as the patient’s preferred nocturnal sleeping position, failing 
which, the lateral decubitus positions (especially the left lateral 
decubitus)21 or prone position should be trialed. 

Standard American Society of Anesthesiologists (ASA) 
monitoring is applied. Capnography allows early detection of 
airway compression or cardiovascular collapse and temperature 
monitoring is mandatory, especially in small children. Depth of 
anaesthesia monitoring permits an adequate anaesthetic plane 
during maintenance with intravenous agents or in compromised 
patients where excessive inhalational agent concentration 
might further suppress cardiovascular function. Neuromuscular 
transmission monitoring might prevent postoperative residual 
muscle relaxant effects, but is probably more important in adult 
patients with myasthenic effects of mediastinal malignancies. 
Urinary catheterisation is usually not indicated due to the short 
nature of the procedure. 

In patients with mediastinal masses, intravenous access should 
be obtained while the patient is awake if at all possible, to 
allow for intravenous administration of emergency drugs if 
cardiovascular or respiratory collapse ensue. Two large-bore 
lines should be inserted in preparation of possible massive 
bleeding. In the presence of SVC syndrome, these should be 
inserted in the lower limbs due to the slow circulation of blood in 
the SVC distribution and the possibility of further engorgement 
with fluid administration. Central venous cannulas are not 
routinely inserted, but should it be warranted in a patient with 
SVC syndrome, the preferred site is the femoral vein. In other 
instances, the central venous catheter is placed on the side 
most likely to develop a pneumothorax caused by the surgical 
procedure. If placed in the right radial artery during superior 
mediastinoscopy, the arterial line tracing may disappear or 
display false low readings, when the innominate artery is 
occluded. Although this is a way of monitoring the patency of 
the innominate artery (to prevent cerebrovascular damage), it 
is preferable to insert the arterial line on the left (in order not 
to lose the trace) and to place a second saturation probe (apart 
from the one used to monitor saturation which should be on the 
left) on the right hand for monitoring the innominate artery. 

Local anaesthesia is not indicated in the majority of paediatric 
patients. Older children or moribund younger patients could be 
considered for local anaesthesia with sedation. In comparison 
with general anaesthesia, this has the beneficial effects of 
being safer in terms of cardiovascular and respiratory function, 
often reduces theatre times and enables early detection of 
pneumothorax and recurrent laryngeal nerve injury.22 In adults 
and much older children, awake fibre optic intubation with 
spontaneous ventilation could be attempted.18

Flexible bronchoscopy might precede mediastinoscopy and 
anaesthesia should be planned accordingly. Induction of 
anaesthesia23 should be done in a semi-fowler or sitting position 
in the presence of symptomatic mediastinal masses and should 
aim at maintaining spontaneous respiration and cardiovascular 
function. The use of inhalational agents or ketamine have been 
described.24 It must be kept in mind that ketamine stimulates the 
formation of secretions25 which might further increase airway 
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resistance in small or obstructed airways and necessitates the 
co-administration of an anticholinergic agent. Ketamine may 
also cause cardiovascular collapse in chronically ill patients with 
depleted catecholamine stores.26 Where muscle relaxants will 
be omitted, spraying of the vocal cords with lignocaine might 
aid the blunting of the intubation response and might reduce 
intraoperative coughing,9 but might result in postoperative 
aspiration due to inhibition of sensory innervation of the 
supraglottic airway.27 Intravenous induction is permitted in 
children with intravascular access in the absence of mediastinal 
masses. Intubation should be done with care in patients with head 
and neck engorgement to avoid airway bleeding. A reinforced 
(armoured) tube should be used in patients with mediastinal 
masses in order to prevent the mass from occluding the airway 
and for superior mediastinoscopy to prevent the surgeon from 
occluding the tube while working in close proximity with the 
patient’s head. Endotracheal tubes should be carefully secured 
to prevent dislodgement by the surgeon, especially during 
superior mediastinoscopy.18 

Maintenance of anaesthesia23 should aim at spontaneous 
respiration in patients with mediastinal masses and could 
again be accomplished with inhalational agents or ketamine. 
Inhalational or intravenous techniques are used in patients 
where positive pressure ventilation is permitted. Nitrous oxide 
(N2O) is best avoided due to the possible risk of procedure-
related pneumothorax which will expand in the presence of 
N2O. The use of muscle relaxants is optional but advisable 
during mediastinoscopy in the absence of compressing lesions, 
in order to afford the surgeon optimal operating conditions 
and to prevent sudden patient movement with injury to vital 
structures, especially during superior mediastinoscopy. The 
focus of intraoperative care should be on the early identification 
and management of complications11 caused by the surgical 
technique (especially during superior mediastinoscopy) or the 
disease process (especially during anterior mediastinoscopy). 

During anterior mediastinotomy the visibility is better with 
less likelihood of injury to anatomical structures, but patients 
often present with complications of mediastinal masses. During 
superior mediastinoscopy, the scope is placed adjacent to a 
number of vital structures and massive bleeding from any of the 
major vessels (innominate artery, innominate vein azygos vein, 
aorta, bronchial artery, pulmonary artery etc) is possible. Massive 
bleeding requires emergency sternotomy or thoracotomy. In 
the instance of SVC injury, additional intravenous access should 
be obtained in the lower limbs.18 Other possible intraoperative 
complications include pneumothorax, innominate artery 
compression, oesophageal injury, tumour seeding, chilothorax 
or air embolism. Intraoperative dysrhythmias are possible due 
to pressure on the heart or great vessels, pulling on mediastinal 
structures, pericardial or pleural effusion, or myocardial 
involvement of the malignancy. Negative pressure pulmonary 
oedema may follow deep inspiratory efforts against obstructed 
airways which generate large negative pressures (mainly seen in 
adults).

Due to the minimally invasive nature of mediastinoscopy, 
intra- and postoperative analgesic requirements are limited to 

balanced pharmacological analgesic regimens in conjunction 
with local infiltration of wound sites. 

Following both superior mediastinoscopy and anterior 
mediastinotomy, patients are mostly extubated in theatre. 
Patients with mediastinal masses should be nursed in the head-
up position in the postoperative period in order to reduce venous 
engorgement, and monitored closely for complications.11,17 They 
may experience worsening of obstruction caused by swelling or 
increase in turbulent air flow due to pain, coughing, tachypnoea 
or anxiety.18 The incidence of postoperative respiratory 
complications is proportional to the size of the tumour. 
Following superior mediastinoscopy, bleeding caused by 
blood vessel injury might manifest in the postoperative period. 
Postoperative hemiparesis may follow intraoperative carotid 
artery compression, while recurrent laryngeal nerve injury may 
cause vocal cord paralysis with stridor or airway compromise 
and phrenic nerve injury may result in respiratory compromise. 
Any of the two mediastinoscopy sites might be complicated by 
infection. 

In summary, the anaesthetic plan for both superior and anterior 
mediastinoscopy is determined by the underlying pathology and 
the selected route of surgical access. Vigilance and adaptability 
are crucial as clinical conditions can change rapidly. Good 
planning and sound knowledge of the pathology and surgical 
techniques are therefore paramount.
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