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ABSTRACT

Mediastinal masses can compress the respiratory or cardiovascular system, especially when anteriorly located. Obtaining histological 
material for diagnosis poses a challenge due to the major risk of cardiorespiratory collapse following anesthetic procedure. Our case 
shows the utility of rescue with venovenous extracorporeal membrane oxygenation (VV-ECMO) after occurrence of such an event and 
demonstrates the feasibility of administering chemotherapy during VV-ECMO. A 4-year-old boy was referred to the pediatric oncology 
clinic of our hospital after a large mediastinal mass was observed on chest radiography ordered due to persistent cough. Computed 
tomography of the thorax revealed a 100×85 mm mass in the anterior mediastinum, surrounding the heart, and showed that there was 
compression to the trachea, bronchiole, and vascular structures. Percutaneous needle biopsy accompanied by ultrasonography was 
planned for diagnostic purposes. Low-dose ketamine and midazolam were administered for procedural sedation in the operating room. 
After the biopsy procedure, the patient developed sudden airway obstruction requiring intubation. Despite 100% oxygen support with 
a mechanical ventilator, pulse oximeter saturation remained below 80%. Chest X-ray revealed total collapse of the left lung, and the 
patient’s oxygen saturation did not increase with selective left bronchial intubation. Bi-caval dual-lumen ECMO cannula was placed in 
the internal jugular vein and VV-ECMO was initiated, resulting in swift improvement in hypoxemia. The patients’s anterior mediastinal 
mass shrank rapidly and left lung improved with chemotherapy. The patient remained on ECMO for a total of 9 days and was extubated 
2 days after ECMO termination, followed by discharge to the pediatric oncology ward on the 20th day of pediatric intensive care unit 
stay. It is well known that large, anteriorly-located mediastinal masses carry a considerable risk of causing cardio-pulmonary collapse 
during procedures involving anesthesia. All life-saving options, including emergency ECMO, should be available before any planned inva-
sive procedures in these patients.
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INTRODUCTION

Many pediatric malignancies may present with a mass in the 
mediastinal area. Certain tumors, especially those located 
in the anterior mediastinal area such as non-Hodgkin’s lym-

phoma (NHL), can compress the tracheobronchial system, 
as well as the heart and the large vessels associated with the 
heart.[1] It is known that general anesthesia during diagnostic 
core needle biopsy or definitive resection can lead to acute 
catastrophic airway collapse, which is very difficult to man-
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age, especially in children.[2,3] After collapse of the airway, 
tracheal or selective bronchial intubation or emergent tra-
cheostomy may not be successful. In such cases, application 
of extracorporeal membrane oxygenation (ECMO) until the 
compression effect caused by the tumor can be eliminated, 
may be life-saving.[4,5] There are numerous reports of ECMO 
utilization in cardiorespiratory collapse caused by mediasti-
nal mass in adults.[6,7] However, even if it is suggested that 
pediatric cases with mediastinal mass have a greater risk of 
cardiopulmonary complications than adults, the experience 
pertaining to ECMO support in the management of such 
complications among children is limited.[8–11]

We report a case of a pediatric patient with a large ante-
rior mediastinal mass (AMM), later diagnosed as NHL, that 
resulted in airway collapse during the diagnostic biopsy pro-
cedure which was performed with minimal anesthesia after 
initial attempts with local anesthesia failed. The airway could 
not be improved through usual approaches and hypoxemia 
ensued, ultimately resulting in the need for venovenous 
ECMO (VV-ECMO) support. Informed consent was obtained 
from the patient’s parents for publication.

CASE REPORT

A 4-year-old boy presented with a 10-day history of gradually 
increasing cough. He was initially diagnosed with pneumonia 
by his pediatrician and received sefuroxime treatment. Be-
cause his symptoms persisted without any improvement, a 
chest radiograph was obtained and revealed a large mediasti-
nal mass (Fig. 1).

The patient was referred to the pediatric oncology clinic of 
our hospital with a preliminary diagnosis of malignancy. Com-
puted tomography (CT) of the thorax revealed a 100×85 mm 
mediastinal mass localized in the superior anterior area that 
was surrounding the heart and was compressing the right 
brachiocephalicus truncus, the left common carotid artery, 
the left subclavian artery, and arcus aorta. Predicted tracheal 
cross-section area (CSA) measurement was 40% (Fig. 2). 
Physical examination revealed clear respiratory sounds bilat-
erally, heart sounds were rhythmic, and there was no cardiac 
murmur. Venous distension was not present in the neck and 
there were no intercostal or subcostal retractions. Vital signs 
showed a body temperature of 36.6°C, pulse oxygen satu-
ration of 96% in room air, respiration rate of 24/min, heart 
rate of 110/min, and a blood pressure of 92/65 mmHg. Ini-
tial laboratory results revealed a white blood cell count of 
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Figure 1. Initial chest radiography shows a wide mediastinum. The 
lower tracheal was pushed to the right side (black arrow).

Figure 2. Initial chest computed tomography scan. On image (a), superior anterior mediastinal mass encases pulmonary arteries, trachea, 
arcus aorta, and bronchus in transverse view. The black arrow indicates the trachea at this point of maximal compression. The predictive 
cross-sectional area mesurement is estimated to be 40%. The white arrow points to the mediastinal mass, which is homogeneous nature. 
On image (b), mediastinal mass compresses left mainstream bronchus and trachea (blue arrows) and pushes the trachea to the right (black 
arrow) in coronal view.

(a) (b)
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4.44×103/mm3 with 49.7% neutrophils, 34.6% lymphocytes, 
9.3% monocytes, and 3% atypical lymphocytes, without any 
leukemic blasts. Venous blood gas examination showed pH: 
7.38, PCO2: 39 mmHg, PO2: 41.2 mmHg, HCO3: 21 mmol/L, 
and a base deficit of –3.2 mmol/L.

Diagnostic percutaneous core needle biopsy was planned. 
Although respiratory symptoms of the patient were minimal, 
the patient was defined to have high risk for the anesthesia 
procedure due to a predicted CSA measurement of <50% and 
accompanying left main bronchus compression. The pediatric 
intensive care unit (PICU) team was informed about the pa-
tient, and the initial decision was to try and undertake the 
biopsy procedure under local anesthesia. However, the child 
was uncooperative and all attempts were unsuccessful. With a 
decision to utilize minimal anesthesia, one dose ketamine and 
midazolam were given as procedural sedoanalgesia. Accom-
panied by ultrasonography, tru-cut biopsy was performed by 
entering through the left lateral thorax wall in the left lateral 
position. Shortly after the procedure, pulse oxygen saturation 
dropped below 80% and oxygen saturation did not increase 
despite bag-mask ventilation and oxygen support; thus, the pa-
tient was intubated and transferred to the PICU without delay.

In the PICU, mechanical ventilator support and 100% oxygen 
still could not improve pulse oxygen saturation above 75%, 
and the arterial blood gas analysis of the patient revealed pH: 
7.37, PCO2: 42 mmHg, PO2: 44 mmHg, HCO3: 18 mmol/L, 
and base deficit was -6.4 mmol/L. Chest radiography revealed 
total collapse in the right lung and hyperaeration in the left 
lung (Fig. 3). Echocardiography demonstrated normal ventric-
ular function without major external compression in the great 
arteries. Selective left bronchial intubation was planned using 
a double-lumen endotracheal tube to ventilate the collapsed 
lung. However, severe external compression of the left main 
bronchus, resulting in slit-like opening, distal collapse, and 
acute angulation away from the carina, prevented the advance-

ment of the endotracheal tube past the site of compression. 
The patient was placed in the left lateral recumbent position 
to reduce mass-related compression on the lung, but there 
was no change in pulse oxygen saturation. Saturation values 
ranged between 68% and 73% despite 100% oxygen support, 
indicating a decreasing trend. On detection of pH: 7.26, PCO2: 
61 mmHg, PO2: 45 mmHg, HCO3: 18 mmol/L, and a base 
deficit of –7.2 mmol/L in arterial blood gas, we decided to 
apply VV-ECMO support at the 3rd h of admission to the PICU. 
A 19 Fr. Avalon Elite Bi-Caval Dual-Lumen ECMO cannula was 
placed by the pediatric intensivist into the right internal jugular 
vein of the patient through the Seldinger technique under the 
guidance of transthoracic echocardiography. The placement 
and position of the ECMO cannula was confirmed by chest 
radiography (Fig. 4). The ECMO circuit consisted of a 1.8 m2 
Maquet polymethylpentene membrane oxygenator with ¼ 
inch connector lines, a maquet rota-flow centrifugal pump, 
and a maquet permanent life support ECMO set (Maquet Car-
diovascular, Wayne, NJ, USA). The patient remained hemo-
dynamically stable for the duration of the procedure. After 
completion of the procedure, ECMO was initiated with 500 
revolutions per minute (RPM) and increased by incremental 
steps of 500 RPM until blood flow rate reached 90 mL/kg/min.

After ECMO application, the pulse oxygen saturation of the 
patient exceeded 95% with 90% oxygen support. Signs of hy-
poxemia regressed in blood gas analysis. Lung-protective me-
chanical ventilation strategy was applied with target saturation 
values above 82%. To ensure safe ECMO operation, activated 
clotting time values were maintained between 180 and 220 sec-
onds, and no significant bleeding complications were recorded.
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Figure 3. Chest radiography shows total left lung collapse.

Figure 4. Avalon Elite® is a bicaval dual lumen venovenous ECMO 
cannula inserted through the right internal jugular vein. The distal 
end of the cannula is located in the cavoatrial junction (black arrow).
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Pathological examination of the frozen biopsy tissue was con-
sistent with NHL, ultimately defined as a T-cell lymphoblastic 
lymphoma. While on VV-ECMO, the patient received intra-
venous chemotherapy for NHL (CHOP protocol) consisting 
of high-dose steroids, cyclophosphamide, daunorubicin, and 
vincristine.[1] He received standard hyperhydration and al-
kalization. Lung radiography showed rapid shrinkage of the 
mediastinal mass in response to chemotherapy induction. 
The ECMO weaning process was initiated on the 5th day of 
ECMO. On day 9 of ECMO support, the patient was com-
pletely weaned off ECMO and decanulated (Fig. 5). He was 
extubated 2 days later and discharged to the pediatric oncol-
ogy ward on the 20th day of PICU stay.

DISCUSSION

Here, we described an effective and life-saving application of 
VV-ECMO to a pediatric patient with an AMM who devel-
oped sudden airway collapse after the use of sedoanalgesic 
medication for core needle biopsy.

Presentation characteristics of mediastinal mass may vary 
greatly in all ages, depending on size, location and underly-
ing pathology, and some can be asymptomatic. Around half 
of adult patients with mediastinal mass are reported to be 
asymptomatic or present with dyspnea and/or chest pain.[2] In 
the pediatric age group, patients may be admitted with non-
specific symptoms, such as cough, similar to our patient, and 
mediastinal mass may be incidentally identified through X-ray 
ordered for other causes.[2,3] Infants and small children may be 
more susceptible than adults to external airway obstruction, 
because their cartilaginous airways are relatively more com-
pressible. Furthermore, small decreases in airway diameter 

create a relatively larger decrease in overall luminal area and 
can increase airway resistance to a greater degree.[12]

Mediastinal masses, especially those located anteriorly, are 
known to have respiratory or cardiovascular risks during 
anesthesia or diagnostic and/or curative procedures.[12–14] Pa-
tients are typically in the supine position during procedures, 
thereby increasing the possibility of greater compression 
from the weight of the mass. With induction of anesthesia, 
the tone of the respiratory muscles, including the diaphragm 
and intercostal muscles, are decreased – which compromises 
functional residual capacity. Subsequently, the transmural 
pressure decreases and the pleural pressure becomes less 
negative, thereby increasing the risk for further extrinsic 
compression during anesthesia.[5,15] Minimal anesthesia in-
tervention (preferably local anesthesia) and maintenance of 
spontaneous respiration are suggested in high-risk patients. 
However, this requires a significant degree of cooperation 
from the patient, and the chance of converting to general 
anesthesia is reportedly very high.[14]

There is a moderate amount of the literature on this topic, 
but these studies have a number of limitations. The relative 
rarity of the problem results in there being few pediatric 
series, even though children may actually be at greater risk 
than adults for anesthesia-related respiratory complications 
in such cases.[8,14] There is a risk for underestimation of the 
severity of the problem since pulmonary reserves may not 
be determined accurately, patient history is often insufficient, 
and there are very few studies emphasizing the importance 
of the weaker structure of pediatric patients’ elastic cartilagi-
nous airways. Due to these risks, researchers have sought 
to define accurate ways to measure preoperative cardiovas-
cular risk in patients with mediastinal masses using clinical 
findings together with several diagnostic investigations, such 
as pulmonary function tests (PFTs), tracheal and bronchial 
CSA measurements, and mass/chest diameter ratio.[4,16,17] In 
addition, the presence of orthopnea and stridor has been 
identified as key features that were significantly associated 
with the risk for anesthetic complication in pediatric patients 
with AMM.[18,19] However, due to the non-specific nature of 
the symptoms and the limited ability of the patient to identify 
symptoms particularly in the younger age group, performing 
cardiopulmonary risk analysis with only clinical findings may 
not be sufficient. We also believe it to be important to note 
that, although our patient did not have severe respiratory 
symptoms such as dyspnea, orthopnea or stridor, sudden air-
way collapse still developed during the procedure, indicating 
that the absence of such features does not guarantee safety.

PFTs, which are used for the assessment of anesthesia-related 
risks in adults, may not be feasible in children due to the lack 
of patient cooperation. Thorax CT, on the other hand, may be 
a more objective modality for risk assessment in both adults 
and children. Mass/chest ratio, expressed as the diameter of 
the mass to the diameter of the chest, is one of the measure-
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Figure 5. Chest radiography after ECMO decannulation. ECMO: 
Extracorporeal membraneoxygenation.
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ments that can be obtained from thorax CT. Anesthesia-re-
lated complication risk is defined to be low if the ratio is less 
than 33%; whereas, if the ratio is greater than 45%, the pa-
tient is defined to be at high risk. Another measure that can 
be obtained from CT is the two-dimensional measurement of 
trachea CSA. The percentage of predicted CSA is obtained 
by comparing the CSA measured at the narrowest site to the 
CSA measured in a non-compressed area. It is stated that 
predicted CSA values of <50% (in other words, presence of 
a tracheal compression ratio of ≥50%) increase the risk of 
life-threatening respiratory complications.[12,14,15] Our case 
was initially considered to be have high risk for anesthesia-
related complications, because predicted CSA measurement 
was approximately 40% in thorax CT evaluation and this was 
accompanied by left main bronchus compression.

Based on the critical nature of mediastinal masses, Hack et al.[18] 
proposed pre-operative anesthetic guidelines for high-risk pa-
tients; they emphasized that physicians should aim to maintain 
spontaneous breathing as much as possible, while also avoid-
ing the use of long-acting relaxants to allow a rapid return to 
spontaneous breathing. It was also noted that changing patient 
position to alleviate anterior compression would be beneficial. 
Therefore, it is evident that utilizing local or regional anes-
thetic techniques is critical to minimize the need for systemic 
anesthesia in high-risk patients with mediastinal mass.[14,20] 
Tanaka et al.[14] reported safe diagnostic management experi-
ences in pediatric patients with mediastinal tumors with signs 
of respiratory distress. In their study, diagnostic needle biopsy 
was applied with local anesthesia, and no complications were 
reported in five out of the 12 patients. The resection proce-
dure was performed under general anesthesia in one patient 
and the remaining patients were diagnosed through lower-risk 
diagnostic procedures, such as peripheral blood smears, flow 
cytometry, and tumor markers. Another study, by Malik et 
al.[21] reported the application of a combinatory approach to 
prevent complications, including utilization of local anesthetic 
strategies, placement of patients in the lateral or sitting posi-
tion during intervention, maintenance of spontaneous breath-
ing, and use of ketamine and minimizing muscle relaxants, in 
their study of 44 pediatric patients with AMM. They reported 
no major anesthesia-related complications. However, even if 
any and all precautions are taken to prevent complications, 
such events may still occur, as was the case in our patient. In 
the literature, the risk of anesthesia-related complications in 
children with AMM has been reported to vary between 5 and 
18%, and oxygen desaturation has been identified as the most 
common complication.[16,18,19,22]

A needle biopsy was planned under local anesthesia since our 
patient was in the high-risk group for anesthetic procedure; 
but attempts were unsuccessful due to inadequate patient 
cooperation. As a secondary option, low-dose ketamine and 
midazolam were applied as per the suggestions of the Proce-
dural Sedation (Conscious) and Analgesia Guideline, in-line 
with the purpose of obtaining biopsy without suppressing 
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spontaneous breathing.[23] Despite applying minimal sedation 
and ensuring the continuation of spontaneous breathing, our 
patient developed life-threatening sudden airway collapse.

There are numerous cases of successful ECMO application 
in adult patients with acute cardiopulmonary collapse due to 
AMM-caused compression of extrinsic airways and/or main 
vessels.[8,24–26] In the neonatal period, ECMO applications due 
to mediastinal mass are much less common, and the etiol-
ogy of applications includes congenital malformations (such 
as congenital cystic adenomatoid malformations) and, much 
more rarely, congenital tumors.[17,27] The experience related 
to the management of mass-caused acute cardiopulmonary 
collapse with ECMO application is limited since there are 
only a small number of cases in the pediatric age group. In 
fact, a literature review revealed five published cases of pe-
diatric patients, in which ECMO was utilized in the manage-
ment of complications caused by mediastinal mass. These 
cases are summarized in Table 1.[8–11]

Despite the fact that mediastinal masses are recognized as 
being an indication for ECMO, there are no reports on this 
issue in the database of the extracorporeal life support orga-
nization.[28] In our patient, emergency VV-ECMO was applied 
as a life-saving bridge treatment until tumor mass could be 
reduced via chemotherapy or debulking surgery. The compli-
cation leading to the use of ECMO was sudden airway col-
lapse during minimal sedation for a diagnostic procedure, and 
the need for ECMO became apparent as a result of failure to 
obtain respiratory improvement with conventional interven-
tions and maneuvers. Chemotherapy induction was preferred 
instead of debulking surgery to reduce the size of the mass 
since NHL is typically sensitive to chemotherapy. In-line with 
expectations, chemotherapy resulted in a swift and significant 
reduction of mass volume, subsequently leading to the allevi-
ation of compression and the regression of lung collapse. The 
patient was successfully separated from ECMO after 9 days 
with treatment, of which the past 4 days included weaning.

This case shows that, even when clinicians are well-aware of 
the risks and are careful in their preparation, patients with 
AMM may still suffer from catastrophic anesthesia-related car-
diopulmonary complications. In other words, utilizing minimal 
anesthesia and preserving spontaneous breathing during inter-
vention procedures may not be sufficient to eliminate the risk 
of sudden airway collapse in cases with high risk for anesthe-
sia-related complications. It should be kept in mind that en-
dotracheal intubation, selective bronchial intubation or other 
approaches, and maneuvers may fail in such cases, and clini-
cians should be prepared for the worst-case scenario. We have 
demonstrated with this case that ECMO is a viable option that 
will allow maintenance of cardiopulmonary stability and respi-
ratory support while the actual causative pathology – in this 
case, NHL – can be treated with chemotherapy or debulking. 
We utilized VV-ECMO over VA-ECMO due to absence of car-
diac compromise and to avoid the risks of arterial cannulation.

Conclusion
Children with a large AMM remain as complicated cases that 
usually cause diagnostic and/or treatment-related challenges. 
Cardiopulmonary collapse can occur even when the patient 
receives minimal anesthesia. Compared with adults, pediatric 
patients appear to be at higher risk for intraoperative respi-
ratory and cardiovascular complications and pose additional 
challenges to anesthesiologists due to anatomic, physiologic, 
and age-specific characteristics. We believe that this case 
underlines the recognized risks for patients with AMMs and 
demonstrates the utility and feasibility of rescue ECMO as a 
life-saving procedure that provides the necessary time for res-
piratory treatment. This report highlights the importance of 
considering ECMO (when available) for select cases that could 
be at risk for cardiopulmonary failure secondary to AMM.
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  OLGU SUNUMU - ÖZ

Anterior mediastinal kitleye bağlı ani havayolu kollapsı gelişen pediatrik olguda
acil ekstrakorporeyal membran oksijenizasyonu uygulaması: Olgu sunumu ve
literatürün gözden geçirilmesi
Dr. Muhterem Duyu,1 Dr. Zeynep Karakaya2

1İstanbul Medeniyet Üniversitesi, Prof. Dr. Süleyman Yalçın Şehir Hastanesi, Pediatri Kliniği, Çocuk Yoğun Bakım Ünitesi, İstanbul
2Altınova Devlet Hastanesi, Pediatri Kliniği, Yalova

Özellikle anterior yerleşimli olan mediastinal kitleler solunum ya da kardiyovasküler sisteme bası yapabilir. Anestezi prosedürünü takiben kardi-
yo-respiratuvar kollaps riski nedeni ile teşhis amaçlı histolojik materyal elde etmek tanısal bir zorluk teşkil etmektedir. Olgumuz, bu tarz bir olay 
sonrasında venö-venöz ektrakorporeyal membran oksijenizasyonu (VV-ECMO) tedavisinin kurtarıcı bir tedavi olarak, kemoterapi süresince uygu-
lanabilirliğini göstermektedir. Dört yaşında erkek çocuk, geçmeyen öksürük nedeni ile çekilen göğüs grafisinde büyük mediastinal kitle saptanması 
nedeni ile çocuk onkoloji kliniğine sevk edildi. Göğüs bilgisayarlı tomografisinde anterior mediastende 100x85 mm boyutlarında, kalbi saran, trakea, 
bronş ve damarsal yapılara bası yapan kitle saptandı. Tanısal amaçlı olarak ultrasonografi eşliğinde perkütan iğne biyopsi yapılması planlandı. Operas-
yon odasında prosedürel sedasyon amacıyla düşük doz ketamin ve midazolam uygulandı. Biyopsi işlemi sonrası, entübasyon gerektiren ani havayolu 
obstrüksiyonu gelişti. Mekanik ventilatörde %100 oksijen desteğine rağmen, pulse oksimetre satürasyonları %80 altında seyretti. Göğüs grafisinde 
sol akciğerde total kollaps gözlendi. Selektif  bronşiyal entübasyona rağmen hastanın oksijen satürasyonları yükselmedi. Bi-kaval dual lümenli ECMO 
kanülü internal juguler vene yerleştirildi ve VV-ECMO başlandı. ECMO sonrası hipoksemide belirgin düzelme gözlendi. Kemoterapi ile hastanın ön 
mediastinal kitlesi hızla küçüldü ve sol akciğer düzeldi. Hasta ECMO desteğinde dokuz gün kaldı ve ECMO sonlandırıldıktan iki gün sonra ekstübe 
edildi. Çocuk yoğun bakım yatışının 20. gününde çocuk onkoloji kliniğine taburcu edildi. Geniş ön mediastinal kitleli hastaların anestezi prosedüleri 
sırasında kardiyo-pulmoner kollaps gelişimi için ciddi risk teşkil ettiği iyi bilenmektedir. ECMO dahil tüm hayat kurtarıcı seçenekler, planlanan invaziv 
prosedürlerden önce hazır olmalıdır.
Anahtar sözcükler: Ekstrakorporeyal membran oksijenizasyonu; kemoterapi; mediastinal kitle; non-hodgkin lenfoma; pediatrik yoğun bakım.
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