Prediction of respiratory collapse among
pediatric patients with mediastinal tumors

during induction of general anesthesia
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Abstract

Purpose:

Fatality resulting from respiratory collapse (RC) during general anesthesia (GA)
induction in children with mediastinal tumors has been reported. We explored
potentially useful parameters for predicting the risk of RC based on objective imaging
results.

Methods:

We retrospectively reviewed the records of 31 patients (median age: 4 years; range: 4
months—15 years) with the mediastinal tumors between 2000 and 2015. Comparing
those with RC under GA induction to those without (RC group vs. non-RC group), we
analyzed a variety of factors that might predict respiratory obstruction during GA
induction, including our new parameter, the standardized tumor volume (STV), which is
adapted from the formula for the volume of an ellipsoid.

Results:

All eight patients in the RC group had large tumors in the anterior mediastinum,
including lymphoma, teratoma, and germ cell tumor. The mean STV value of the RC
group was significantly larger than that of the non-RC group (3.6 £1.4vs. 1.4+ 1.0,p=
0.006). Using an STV cut-off value of 2.5, the sensitivity and specificity for predicting
RC under GA induction were both 0.86, making STV more useful than previously
reported risk factors.

Conclusion:

Anterior mediastinal tumors in children can often cause airway obstruction under GA
induction. Measuring STV can help predict the respiratory risk during GA among

pediatric patients with anterior mediastinal tumors.
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Introduction

The Clinical features of pediatric mediastinal tumors vary depending on the
age of the patient and on the size, location, and pathological traits of the tumor. While
biopsy or extirpation is often indispensable for the precise diagnosis, fatality resulting
from respiratory problems during general anesthesia (GA) induction among children
have been reported [1-3]. Several clinical parameters for the risk of respiratory collapse
(RC) associated with GA, such as orthopnea and mediastinal mass ratios (MMR), have
been suggested. However, there have been no articles reporting parameters based on
detailed imaging findings [4-7].

Here, we retrospectively investigated the clinical features of mediastinal
tumors in children at our medical facilities, analyzed various clinical factors potentially
predictive of RC risk under GA induction, and compared the efficacy of our new

parameter to previously reported indices [4-7].



Patients and Methods

We reviewed records of 31 pediatric patients diagnosed with mediastinal
tumors between 2000 and 2015 at Chiba University Hospital, Tokyo Women’s Medical
University Yachiyo Medical Center, and Matsudo City Hospital. We collected data on
sex, age at diagnosis, primary symptoms, anatomical location of tumor,
histopathological diagnosis, and perioperative management.

We defined the RC group as pediatric patients who, due to airway
compression by a large tumor, could not retain the minimum gas exchange to
survive—via either mechanical or manual ventilation—during GA induction. We
investigated potential risk factors by comparing clinical features between pediatric
patients with and without RC. We also developed a new parameter, standardized tumor
volume (STV), and evaluated its predictive utility among pediatric patients with anterior
mediastinal tumors compared to previously reported risk factors (orthopnea, superior
vena cava syndrome, hydrothorax, and MMR) [4—7]. The STV (in [cm2]) is calculated
using measurements obtained by CT, patient height, and an equation for approximating
the volume of an ellipsoid as follows: STV = 4/3n x (1/2 tumor height x 1/2 tumor
width x 1/2 tumor depth) / body height (all measurements in cm). MMR was defined as
the maximum width of the mediastinal mass divided by the maximum intrathoracic
width, which was typically measured at the level of the diaphragm on an
anterior-posterior radiograph [4].

For statistical analyses, we used Pearson's chi-squared test and Student's t-test.
P values <0.05 were deemed statistically significant. We used receiver operating

characteristic (ROC) analysis (JMP®11 statistical analysis software, SAS Institute Inc.,



Cary, NC, USA) to set our cut-off STV as the value that maximized the area under the

curve (AUC).



Results

Details of demographics and relevant medical histories are presented in Table
1. Seventeen (55%) of the patients in our study were male and 14 (45%) were female.
The median age at diagnosis was four years, and ages ranged from four months to 15
years; eight patients (26%) were diagnosed prior to one year of age. Ten of the cases
(32%) were asymptomatic, and were diagnosed during follow-up for incidental
abnormal findings seen on X-ray images taken for school check-ups or screenings for
other diseases. Among symptomatic patients, the most common complaint was mild
respiratory symptoms (29%), such as cough or wheeze, followed by dyspnea (26%) and
pleuritic pain (13%). The tumor was located in the anterior mediastinum in 16 patients
(52%), the middle in 1 patient (3%), and the posterior in 14 patients (45%).
Histologically, neuroblastoma (39%) and mature teratoma (32%) were the most
common tumor types in our series, followed by lymphoma (13%), immature teratoma
(6%), and ganglioneuroma (6%). ganglioneuroma (6%).

As presented in Figure 1, in our study population, neuroblastoma was the
most common tumor type in infants and toddlers: 75% of patients under one year and
57% of those under five years of age had neuroblastoma, while patients aged six to 15
years manifest a variety of tumors, including lymphoma, ganglioneuroma, and germ cell
tumor.

The eight patients (median age: 10 years; range: 4 months—11 years) who
suffered RC during GA induction (RC group) all had large tumors in the anterior
mediastinum. Histologically, four of these were teratomas (2 mature; 2 immature), three
were malignant lymphomas, and one was germ cell tumor. No patients with middle or
posterior mediastinal tumors had any difficulties in maintaining respiratory function
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during GA induction. Thus, large anterior mediastinal tumors appeared to dramatically
increase the risk of respiratory obstruction during GA induction (p <0.001).

Focusing on anterior mediastinal tumors, therefore, we explored potentially
valuable parameters for predicting airway obstruction during GA induction by
statistically comparing clinical factors between the RC and non-RC groups (Table 2).
Among several previously reported risk factors, orthopnea was the most promising
indicator (p <0.001), with sensitivity at 1.00 and specificity at 0.86, followed by
superior vena cava (SVC) syndrome (p = 0.13; sensitivity: 0.25; specificity: 1.00). The
presence of hydrothorax was not significantly different between the two groups (p =

0.30), but MMR was, with 56.0%+8.5 cm? in the RC group, as compared to 37.0%=12.7

in non-RC group (p = 0.03). Setting the cut-off point of MMR at 44%, as suggested by
King et al. [4], the sensitivity and specificity were 0.86 and 0.67, respectively. Our

newly invented STV was 3.6%1.4 cm? in the RC group and 1.4%1.0 ¢cm? in non-RC

group, with a difference that was statistically significant (p=0.006). With a cut-off STV
value of 2.5, its sensitivity and specificity were 0.86 and 0.86, respectively, such that
STV was nearly equivalent to the clinical sign of orthopnea and far superior to other
parameters, including MMR, for predicting the risk of RC during GA induction among

pediatric patients with anterior mediastinal masses.



Discussion

Previous reports have suggested that pediatric mediastinal tumors occur
across all age groups [8,9]. In this study, however, an exceptionally high proportion
(26%) of patients were under one year of age, leading to a fairly young median age at
diagnosis of four years [9-12]. This high representation by infants might be due to the
inclusion of neuroblastoma (6 cases), three cases of which were discovered during a
mass screening conducted between 1985 and 2004 in Japan [13]. Another likely factor
is that in our study, the proportion of lymphoma was relatively small (13%), whereas
previously, it has been found to be the most common (18—43%) mediastinal tumor in
children [8-11]. This smaller proportion of lymphomas in our study also contributes to
differences in our results, as compared to those of other papers, with regard to the
locations of pediatric mediastinal tumors—especially the frequency of middle
mediastinal tumors, which has previously been reported as 25-52% [8,9,11] (as
compared to 3% in our study).

Malignant tumors comprised 52% of all cases in our study, which is
comparable to previous reports of 25-82% [8-12,14] and emphasizes the importance of
obtaining a pathologic diagnosis prior to initiating therapeutic protocols. It is true that
obtaining adequate sample volume of tumor is ideal, but any procedures performed
under GA can cause RC during GA induction among pediatric patients with mediastinal
tumors [1-3]. Thus, open or (CT-guided) needle biopsy under local anesthesia or
sedation might be an option for especially high-risk patients. However, deep sedation,
technological difficulty, radiation exposure, and the high probability of collecting

inadequate diagnostic material are also serious concerns among small children.



For cases with suspected lymphoma in the anterior mediastinum and with
high risk of cardiorespiratory morbidity during GA, prebiopsy steroid treatment and/or
radiation can be considered to reduce the size of the tumor [15], even though these
options can lead to the apoptosis and/or necrosis of the tumor cells and thus hinder
definitive, accurate, and prompt diagnosis.

Risk factors associated with airway obstruction during GA induction in
pediatric mediastinal tumors have been previously analyzed [4-6, 16], and some authors
have shown that orthopnea is a useful predictive indicator [4,6,17]. Clinically,
orthopnea in the setting of an anterior mediastinal tumor is likely caused by
gravity-dependent, front-to-back compression of the trachea by the tumor, such that it is
exacerbated when a patient is supine and improved when sitting upright. Our study
confirmed the predictive utility of orthopnea among patients with anterior mediastinal
tumors with a sensitivity of 1.00 and a specificity of 0.86 (Table 2).

On the other hand, orthopnea is a subjective rather than objective sign, which
means that it might fraught with interobserver variance, especially among small
children. Additionally, it can also be seen in patients suffering the cardiac failure [18] or
severe pneumoniae [19], without large mediastinal tumor [17]. In fact, our patient with
mature teratoma in the anterior mediastinum, who presented with orthopnea due to left
pneumonia and hydrothorax, had successfully undergone surgery without respiratory
collapse during GA. This patient had a STV of 0.9.

King et al. [4] suggested that MMR defined on X-ray images is an objective
and useful indicator for predicting RC risk among pediatric patients with mediastinal
tumors. Our study demonstrated that MMR does have some utility, with a satisfactory
sensitivity (0.86) and a fair specificity (0.67) (Table 2). We are concerned, however,
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that because MMR is based on posterior-anterior projected, two-dimensional X-ray
images, borderline mediastinal masses are often unclear due to their overlap with the
cardiac silhouette, making precise values of MMR difficult to obtain.

We therefore invented the STV as a more accurate and reliable indicator for
measuring the RC risk. It is also a convenient index to calculate, as it uses CT images
(rather than classical radiographs), and all patients with large mediastinal tumors
undergo CT. We estimated tumor volume using an equation adapted from the standard
formula for calculating the volume of an ellipsoid; we divided the result by patient
height (in cm) to standardize the parameter across a range of patient statures, such that
our formula is:

STV =4/3n x (1/2 tumor height x1/2 tumor width x1/2 tumor depth) / body height
With the STV cut-off at 2.5 cm?, the sensitivity and specificity were both 0.86, making
it more sensitive than MMR (p=0.006) (Table 2).

When the STV of an anterior mediastinal tumor exceeds the cut-off value of
2.5 (Figure 2), prebiopsy steroid administration or radiation may be beneficial for
suspected lymphoma [15]. When other malignancies are suspected, biopsy under
sedation or local anesthesia may be recommended for achieving the definitive diagnosis
required to guide subsequent treatments (e.g., chemotherapy) [20]. If the tumor seems
benign (e.g., mature teratoma), complete surgical removal under GA may be performed
[20] with adequate preparation for possible anesthetic catastrophe (i.e., use of rigid
bronchoscope, repositioning of patient, and preparation for use of extracorporeal
membrane oxygenation [21, 22].

We recently had the opportunity to apply STV in clinical practice. A patient
with an anterior mediastinal tumor (lymphoma) had an initial STV of 4.9 on admission.
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Given the risk of RC during GA associated with this STV, the patient’s biopsy
procedure was postponed until after administration of corticosteroid therapy to reduce
the tumor size. Nine days later, when the STV was down to 1.9, GA was induced and
the biopsy was successfully conducted without any adverse events.

We recognize that there are several limitations to this study. First, we
included a relatively small number of cases. We might have missed a few cases of
lymphoma due to their having been evaluated and treated by pediatric hematologists
without consultation of us, the pediatric surgeons [9]. Secondly, tumor weight, which is
affected by its components (and would therefore be expected to vary across tumor type),
was not taken into account. Third, the effects of tumors occupying parts of the
mediastinum other than the anterior cavity were not sufficiently analyzed. Finally, we
recognize that while a retrospective analysis such as this is an excellent first step,
definitive validation of a new clinical guidance parameter like STV requires a larger
prospective study. We are therefore preparing to conduct just such a prospective study

of STV.
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Conclusions

Anterior mediastinal tumors in children can increase the risk of airway
obstruction during induction of GA. The evaluation of STV by CT imaging can help
predict the severity of such risk among pediatric patients with anterior mediastinal

tumors.
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Figure legends
Figure 1. Distribution of pathological diagnoses across age in pediatric patients

with mediastinal tumors.

Figure 2. Treatment algorithm for pediatric anterior mediastinal tumor based on

STV value.

GA, general anesthesia; LA, local anesthesia.
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Figure 2
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Table 1. Demographic Data

Characteristics N=31
Sex
Male 17 (55%)
Female 14 (45%)
Age at diagnosis median: 4 years (range: 4 months—15 years)

Primary symptom

Asymptomatic 10 (32%)
Slight respiratory symptoms (cough or wheezes) 9 (29%)
Dyspnea (desaturation, labored respiration) 8 (26%)
Pleuritic pain 4 (13%)
Location
Anterior 16 (52%)
Middle 1 (3%)
Posterior 14 (45%)
Histopathological diagnosis
Neuroblastoma 12 (39%)
Mature teratoma 10 (32%)
Lymphoma 4 (13%)
Immature teratoma 2 (6%)
Ganglioneuroma 2 (6%)
Germ cell tumor 1 (3%)
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Table 2. Risk factors for Respiratory Collapse in GA among Pediatric Patients with Anterior Mediastinal

Tumors
RC under GA
Risk factor + - pvalue  Sensitivity  Specificity
N=8 N=8
Yes 8 1
Orthopnea <0.001 1.00 0.86
No 0 7
Superior vena cava Yes 2 0
0.13 0.25 1.00
syndrome No 6 8
Yes 4 2
Hydrothorax 0.30 0.50 0.75
No 4 6
MMR (%) 56.0+8.5 37.0+12.7 0.032 0.86* 0.67*
STV (cm®) 3.6+1.4 1.4+1.0 0.006 0.86%** 0.86**

* Cut-off point 44% reported by King et al. [4]

** Cut-off point at 2.5 was set.

GA; general anesthesia

MMR; mediastinal mass ratio
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