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ABSTRACT
Background Diagnostic biopsies of pediatric anterior
mediastinal masses (AMMs) are high-risk procedures in
which general anesthesia (GA) is traditionally avoided.
However, awareness of historically recognized risk
factors and corresponding perioperative management
have improved over time and may now no longer strictly
preclude the use of GA. Therefore, in this study, we
examined the association of anesthetic and surgical risk
factors and modalities with resulting procedural and
survival outcomes in a current patient cohort.
Methods We retrospectively reviewed charts of 35
children with AMMs who underwent initial diagnostic
biopsies between January 2001 and August 2019, and
determined tracheal compression and deviation from
archival CT scans and procedural and disease outcomes.
Results Twenty-three (65%) patients underwent GA
while 12 (35%) received sedation. Among patients with
available CT measurements, 13 of 25 (52%) had >50%
anteroposterior tracheal diameter reduction. Patients
with >50% anteroposterior tracheal compression received
sedation more frequently (p=0.047) and were positioned
upright (p=0.015) compared with patients with ≤50%
compression, although 4 of 13 and 9 of 12, respectively,
still received GA. Intraoperative adverse events (AEs)
occurred in four (11.4%) patients: three received GA,
and all were positioned supine or lateral. AEs were not
associated with radiographic airway risk factors but were
significantly associated with morphine and sevoflurane
use (p<0.001) and with thoracoscopic biopsies (p=0.035).
There were no on-table mortalities, but four delayed
deaths occurred (three related to disease and one from
late procedural complications).
Conclusions In a current cohort of pediatric AMM
biopsies, patients with >50% anteroposterior tracheal
compression were more frequently managed with a
conservative perioperative management strategy, though
not completely excluding GA. The corresponding reduction
in frequency of procedural AEs in this traditionally high-risk
group suggests that increased awareness of procedural
risk factors and appropriate risk-guided perioperative
management choices may obviate the procedural mortality
historically associated with pediatric AMM biopsies.

Key messages
What is already known about this subject?
►► Historically, general anesthesia (GA) has been strict-

ly avoided for anterior mediastinal mass (AMM)
biopsies.
►► Evolving awareness of airway risk factors has improved identification of patients suitable for biopsies
under GA.
►► Radiographic, rather than clinical features, better
indicate the actual extent of airway compromise by
AMMs in children.

What are the new findings?
►► In a current cohort, most patients with AMM

with >50% tracheal compression appropriately had
biopsies under sedation and in upright position.
►► Procedural adverse effects were more frequent
among patients who were positioned supine or had
thoracoscopic biopsies.
►► Ketamine and dexmedetomidine have been used increasingly for sedation in these procedures.

How might it impact on clinical practice in the
foreseeable future?
►► Historically associated mortality in pediatric AMM

may be obviated now by increased awareness of
airway risk factors.
►► Risk-guided perioperative management choices can
permit selective GA use in lower risk patients with
AMM.
►► Procedural measures and drugs that optimize muscle tone and spontaneous ventilation may improve
safety of pediatric AMM biopsies.

INTRODUCTION
Diagnostic biopsies of anterior mediastinal
masses (AMMs) carry significant operative
and anesthetic risk.1 The mass effect of these
tumors can lead to tracheal or bronchial
compression and to interruption of venous
return or cardiac output, with potentially
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catastrophic consequences.2 However, while these biopsies are high-risk procedures, they cannot be avoided for
many AMMs because histological and molecular analyses are still required for the prescription of appropriate
therapy.
Well-described clinical and radiographic risk features
have been highlighted as red flags for potential procedural mortality, especially tracheal compression.3 4
Following the initial recognition of these procedural risk
factors in the 1970s, general anesthesia (GA) and invasive ventilation had traditionally been strictly avoided.5
Yet, conducting these procedures solely under local
anesthesia is difficult in children due to their anxiety
and inability to cooperate with invasive procedures
when awake.6 In more recent literature, strategies such
as upright posturing, newer anesthetic drugs and better
selections of drug combinations have been shown to
mitigate these risks.7 Thus, with evolving awareness of
historical procedural risk factors, accurate estimation of
individual patients’ risk level and appropriate selection of
perioperative approaches may facilitate safe conduct of
these biopsies without strictly precluding the use of GA.
However, the outcomes of these procedures performed
with current day management strategies have not been
reviewed in recent literature.
Thus, we aimed to study the association of airway risk
factors with choices of anesthetic and surgical approaches
and the resulting procedural and survival outcomes, in a
current cohort of pediatric patients with AMMs undergoing initial diagnostic biopsies.
MATERIALS AND METHODS
Patients
We retrospectively reviewed charts of all patients with
AMMs treated at KK Women’s and Children’s Hospital
between January 1, 2001 and August 31, 2019. We
included all patients aged 16 years or younger at diagnosis who underwent diagnostic biopsies as the initial
surgical procedure in the operating room. Data collected
included demographic characteristics, imaging features,
tumor location, procedural details, intraoperative
complications, histopathological diagnosis, procedural-
related outcomes (morbidity or mortality), and long-term
survival outcome. Adverse events were graded according
to Common Terminology Criteria for Adverse Events
(CTCAE) V.5.0 criteria.
Radiologic assessment
AMMs were characterized initially with standard chest
radiographs followed by CT of the chest. Digitized CT
images were reviewed on Carestream Vue Radiology
information system, Picture Archiving, and Communication System (PACS) workstation (V.12.2.1), and measurements were taken digitally.
CT images were reviewed retrospectively by a consultant pediatric radiologist blinded to clinical metadata
to determine the extent of tracheal anteroposterior
2

compression, as defined by King et al,8 and tracheal deviation, a possible risk feature of interest. For the latter,
deviation was defined when one edge of the trachea
crossed the midline to the contralateral side.9 For the
former, the smallest anteroposterior tracheal diameter
was expressed as a percentage of the maximum normal
tracheal diameter, measured at the level of the thoracic
inlet at a segment of trachea with no evidence of extrinsic
compression by the tumor. This permitted evaluation
of tracheal dimensions over the entire intrathoracic
segment rather than only a few selected points.10 11
Procedural measures
All patients with newly diagnosed AMMs were managed
by multidisciplinary teams of oncologists, surgeons, anesthetists, and radiologists. Management plans for all cases
were based on consensus recommendations of multidisciplinary tumor boards. Symptomatic patients were
monitored in the high dependency or critical care unit as
needed. For analysis, GA was defined as any use of inhalational anesthetic agents with placement of an invasive
airway.
Statistical methods
Categorical variables were compared using Χ2 test, using
SPSS V.17.0 (IBM). Fisher’s exact test was used in place of
Χ2 test when cells had an expected number of frequencies
fewer than 5. For comparisons of more than two groups,
post-hoc Bonferroni-adjusted z-tests were performed to
determine specific subset pairs that differed significantly
at the 0.05 level. Differences were considered significant
at p<0.05.
RESULTS
We identified 35 children with AMMs: 23 (65.7%) were
male and 12 (34.3%) were female; diagnoses included
lymphoma (N=19), neuroblastoma (N=5), germ cell
tumor (N=4) and other masses (N=7) that included
tuberculosis, Langerhans cell histiocytosis, pleuropulmonary blastoma, aneurysmal bone cyst, congenital
pulmonary airway malformation, leukemia and bacterial
lymphadenitis. In total, 23 (65%) underwent GA and 12
(35%) had sedation. No procedures were performed
only with local anesthesia. Biopsy approach was percutaneous in 19 (54%), open in 12 (34%), and thoracoscopic
in 4 (11%) cases. Digital PACS measurements could be
performed on CT scans of 25 patients. Among them, 13
(52%) had >50% reduction in tracheal anteroposterior
diameter and 10 (40%) had tracheal deviation.
Significantly more patients with >50% tracheal anteroposterior compression had a diagnosis of lymphoma (11
(85%%) vs 4 (33%), p=0.026), received sedation (9 (69%)
vs 3 (25%), p=0.047), and were positioned upright (6
(46%) vs 0, p=0.015) compared with patients with ≤50%
compression (table 1). Among them, nine patients
(69%) were either spontaneously ventilated and/or put
in a sitting position (figure 1). These anesthetic measures
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5 (24)

Others

16 (64)
7 (28)
2 (8)

Open
Thoracoscopic

19 (76)

Percutaneous

Horizontal

6 (24)

12 (48)

None

Upright

6 (24)
7 (28)

ETT

12 (48)

Sedation

LMA

13 (52)

General anesthesia

4 (31)
1 (8)

8 (61)

7 (54)

6 (46)

9 (69)

3 (23%)

1 (8)

9 (69)

4 (31)

0 (0)*

2 (15)

3 (25)
1 (8)

8 (67)

12 (100)

0 (0)

3 (25)

4 (33)

5 (42)

3 (25)

9 (75)

6 (50)*

2 (17)

4 (33)*

≤50%, n (%)

0.103

7.287

5.779

4.891

9.241

Χ2

0.950

0.015†

0.056

0.047†

0.026

P value

*Subset pairs with significant difference in column proportions at 5% level of significance, post-hoc pairwise z-test.
†Fisher’s exact test.
AP, anteroposterior; ETT, endotracheal tube; LMA, laryngeal mask airway.

Biopsy technique

Position

Airway device

Type of anesthesia

Procedural characteristics

4 (16)

Neuroblastoma

15 (60)

Patient characteristics
Diagnosis
Lymphoma
11 (85)*

Total, n (%) >50%, n (%)

Tracheal AP diameter

Association of patient and procedural characteristics with airway risk features

Variables

Table 1

2 (20)
1 (10)

7 (70)

10 (100)

0 (0)

4 (40)

3 (30)

3 (30)

5 (50)

5 (50)

1 (10)

3 (30)

6 (60)

5 (33)
1 (7)

9 (60)

9 (60)

6 (40)

8 (53)

4 (27)

3 (20)

7 (47)

8 (53)

5 (33)

1 (73)

9 (60)

Not
Deviated, n (%) deviated, n (%)

Tracheal position

0.558

5.263

0.496

0.027

3.542

Χ2

0.757

0.051†

0.780

1.000†

0.315

P value
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Figure 1 Density plot demonstrating relative use of nine anesthetic drugs per case per year, from 2001 to 2019 (upper panel),
and pictographs demonstrating definitive airway devices and positioning used in 35 patients, with the corresponding degree of
tracheal anteroposterior (AP) diameter narrowing in each case (color scale) (middle and lower panels). ETT, endotracheal tube;
LMA, laryngeal mask airway.

did not differ significantly with presence or absence of
tracheal deviation (table 1).
Among patients who underwent biopsies under sedation, supportive measures commonly employed included
preprocedural counseling of family and patients, bedside
mock rehearsals of anticipated conscious procedures, use
of pre-induction topical anesthesia at intended biopsy
and intravenous cannulation sites, and intravenous anxiolysis (figure 2).
In total, 4 of 35 (11.4%) patients encountered procedural adverse events: 2 underwent thoracoscopic biopsy;
3 received GA; all 4 were CTCAE grade 1 and 2 events.
Notably, these patients were not placed upright for
their biopsies, with three of four in the lateral position
(table 2). The first patient, a 10-year-old with lymphoma
and a history of asthma, developed laryngospasm after
induction with intravenous thiopentone but thereafter
successfully underwent thoracoscopic biopsy in a right
lateral position. The second patient, a 3-year-old with
lymphoma, presented with superior vena cava obstruction. Following inhalational induction with sevoflurane,
he developed laryngospasm and desaturated, then was
deepened with propofol. He then underwent an open
biopsy in a supine position. The third patient, a 12-year-old
with lymphoma, presented with mediastinal and tracheal
deviation. He had transient desaturation during inhalational induction with sevoflurane but therafter could
be ventilated uneventfully, and a thoracoscopic biopsy
was performed under GA in lateral position. The fourth
patient with pleuropulmonary blastoma presented with
tracheal deviation and >50% tracheal compression. She
underwent percutaneous biopsy in lateral position under
ketamine sedation but during attempted central line
4

insertion desaturated and was intubated. She failed extubation, later requiring high-frequency oscillatory ventilation and then extracorporeal membrane oxygenation

Figure 2 Photographs of multimodal interventions
employed on a representative patient with anterior
mediastinal mass, including: (A) large-bore venous access in
lower limbs (arrows), and (B) maintenance of spontaneous
respiration via conscious sedation with preprocedural topical
anesthetic applied at potential biopsy sites (arrow); (C,D)
representative axial contrast-enhanced CT image of the
same patient at the selected biopsy site, and corresponding
intraoperative sonographic image of percutaneous core
needle biopsy corresponding to an indicated region of
interest on CT image.
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CTCAE, Common Terminology Criteria for Adverse Events; ECMO, extracorporeal membrane oxygenation; GA, general anesthesia; SVCO, superior vena cava obstruction.

2
Died from
ECMO- related
complications
1 month later
Desaturation
Tracheal shift
requiring intubation and tracheal
compression
>50%
Yes
2017
4

2

Pleuropulmonary
blastoma

>50%

Sedation

Lateral

Percutaneous

Ketamine,
dexmedetomidine
(intravenous);
sevoflurane
(inhalational)

Died from
2
cerebrovascular
complications during
treatment for relapse
1 year later
Desaturation during Mediastinal and
induction
tracheal shift
Yes
Sevoflurane
(inhalational)
Thoracoscopic
Lateral
GA
Lymphoma (precursor ≤50%
T cell)
2006
3

12

2
Died of refractory
disease-related
multiorgan failure
10 months later
SVCO
2005
2

3

Lymphoma (precursor Not available
T cell)

GA

Supine

Open

Sevoflurane
(inhalational)

Yes

Laryngospasm

Alive without disease 1
Known
asthmatic
Laryngospasm
Yes
Thiopentone
(intravenous)
Thoracoscopic
Lateral
GA
Lymphoma (precursor Not available
T cell)
10
2002

Anesthetic drug(s)
Position Biopsy approach
No Year

1

CTCAE
grade
Disease outcome
Presenting
features and
comorbidities
Morphine
use
Adverse event
Tracheal
anteroposterior Type of
narrowing
anesthetic
Age
(years) Diagnosis

Disease and procedural characteristics of patients with procedural adverse events
Table 2

(ECMO). She died 1 month post-biopsy due to ECMO-
related complications.
Overall incidence of procedural-related adverse events
did not differ with airway risk factors but was significantly
higher in patients who had morphine and sevoflurane
(p<0.001) and in those with thoracoscopic biopsies
(p=0.035) (table 3). No direct surgical complications
were encountered. Regarding long-term survival, in total,
four deaths were encountered: three were delayed and
related to disease progression and one (patient 4) was
temporally related to the biopsy procedure (table 2).
Among the study variables analyzed, only tracheal deviation was significantly associated with long-term survival
outcome (p=0.017) (table 3).
DISCUSSION
In our current experience with initial diagnostic biopsies of pediatric patients with AMM, airway risk factors,
such as anteroposterior tracheal compression, were
not associated with increased incidence of procedural
adverse events. Increased adverse events were instead
observed with thoracoscopic biopsies and with the use
of sevoflurane and morphine. Our findings suggest that
with greater awareness of airway risk factors, appropriate
patient selection and risk-avoidance practices may effectively obviate the procedural mortality historically associated with these procedures.
Predictive risk factors for mortality from AMM biopsies
have evolved during recent decades. The association of
anesthetic risk with CT-detected tracheal cross-sectional
area was first identified in the 1980s, with avoidance
of GA recommended for all children with <50%–
66% normal tracheal area.3 10 In the 1990s, recognition
of significant risk factors for periprocedural mortality
evolved to include <50% predicted peak expiratory flow
rate (PEFR) and reduced tracheal cross-sectional area,
together termed as ‘Shamberger’s box’.11 12 In patients
with mediastinal lymphoma, the presence of clinical
symptoms was additionally associated with increased
anesthetic complications.8 This study found that anesthetic and surgical management choices of managing
teams reflected appropriate risk-
based considerations,
and procedural morbidities that were historically associated with patients with these risk factors correspondingly
decreased. More recent literature is consistent with our
experience and may reflect more current trends in anesthetic and surgical practice, particularly that clinical symptoms and PEFR correlate poorly with the actual extent
of anatomical airway obstruction and eventual complications.13 Interestingly, we observed that long-term survival
was correlated with tracheal deviation, which could be
a radiographic risk feature that might indicate more
aggressive tumor behavior or greater tumor burden.
Our practice experience supports the benefits of multidisciplinary management of these complex cases.14–16
Preoperative assessments and formulation of multidisciplinary plans have been shown to effectively guide
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2 (100)
0 (0)

Present

Absent

1 (50)

1 (25)

Others

≤50%

0 (0)

Germ cell tumor
1 (50)

0 (0)

Neuroblastoma

>50%

3 (75)

Lymphoma

Propofol

Ketamine

Thiopentone

Sevoflurane

Anesthetic agents

Biopsy technique

Position (general)

Position (detailed)

Definitive airway (ETT,
LMA)

Anesthesia

2 (50)
2 (50)

Absent

3 (75)

Absent

Present

1 (25)

3 (75)

Absent

Present

1 (25)

1 (20)

Present

Absent

2 (50)†

Thoracoscopic
4 (80)

1 (25)

Open

Present

1 (25)

4 (100)

Percutaneous

Horizontal

3 (75)

Lateral
0 (0)

0 (0)

Sitting/reverse
Trendelenburg

Upright

1 (25)

0 (0)

No

Supine

4 (100)

1 (25)

Sedation

Yes

3 (75)

General anesthesia

Procedural characteristics

Tracheal deviation

Tracheal diameter

Diagnosis

Adverse event

19 (61)

12 (39)

15 (48)

16 (52)

31 (100)

0 (0)

30 (100)

0 (0)

2 (6)†

11 (36)

18 (58)

23 (74)

8 (26)

4 (13)

8 (26)

19 (61)

14 (45)

17 (55)

11 (35)

20 (65)

15 (65)

8 (35)

11 (48)

12 (52)

6 (19)

4 (13)

5 (16)

16 (52)

No adverse event

Procedural-related outcome, n (%)

0.188

1.005

7.978

27.097

6.706

1.338

8.679

3.011

0.173

3.261

0.003

1.575

Χ2

1.000*

0.603*

0.114*

<0.001*

0.035

0.553*

0.13

0.133*

1.000*

0.150†

1.000*

0.665

P value

Association of patient, airway and procedural characteristics with procedural and survival outcomes

Patient characteristics

Variable

Table 3

18 (60)

12 (40)

14 (47)

16 (53)

29 (97)

1 (3)

28 (93)

2 (7)

3 (10)

10 (33)

17 (57)

22 (73)

8 (27)

5 (16)

8 (27)

17 (57)

14 (47)

16 (53)

11 (37)

19 (63)

15 (60)

6 (24)

11 (52)

10 (48)

6 (20)

4 (13)

4 (13)

16 (54)

3 (60)

2 (40)

4 (80)

1 (20)

5 (100)

0 (0)

2 (40)

3 (60)

1 (20)

2 (40)

2 (40)

5 (100)

0 (0)

2 (40)

0 (0)

3 (60)

0 (0)

5 (100)

1 (20)

4 (80)

0 (0)

4 (100)

1 (25)

3 (75)

1 (20)

0 (0)

1 (20)

3 (60)

Deceased

Long-term survival outcome, n (%)
Alive

0.000

1.906

0.172

9.956

0.650

1.728

2.508

3.889

0.528

7.143

1.009

0.835

Χ2

Continued

1.000*

0.338*

1.000*

0.14*

0.723

0.315*

0.285

0.069*

0.640*

0.017*

0.593*

0.841

P value

World Jnl Ped Surgery: first published as 10.1136/wjps-2021-000303 on 10 November 2021. Downloaded from http://wjps.bmj.com/ on December 9, 2022 by guest. Protected by copyright.

Open access

2 (40)
0 (0)
Absent

29 (94)

21.828
2 (6)
4 (100)
Present
Morphine

*Fisher’s exact test.
†Subset pairs with significant difference in column proportions at 5% level of significance, post-hoc pairwise z-test.
ETT, endotracheal tube; LMA, laryngeal mask airway.

27 (90)

3 (60)
<0.001*

3 (10)

4 (80)
3 (75)

26 (84)

1 (25)

Absent

Dexmeditomidine

Present

5 (16)

0.196

0.546*

5 (17)

25 (83)

1 (20)

0.34

7.543

0.26*

1.000*

0.559*
5 (100)

0 (0)
7 (23)
0.562*

4 (100)

7 (23)
0 (0)

Absent

Midazolam

Present

24 (77)

1.129

2.356
19 (61)

12 (39)

4 (100)

0 (0)

Present

Absent

Fentanyl

3 (75)
Absent

23 (77)

0 (0)
12 (40)

0.275*

18 (60)

5 (100)

3.043

1.458

0.141*

0.561*
1.207
5 (100)

0 (0)
6 (20)

24 (80)

0.546*
0.196
1 (25)
Present
Atracurium

5 (16)

Χ
No adverse event
Adverse event
Variable

26 (84)

P value
Χ2
Deceased
Alive
P value

Long-term survival outcome, n (%)

2

Procedural-related outcome, n (%)

Continued
Table 3

management in such patients and to prevent overall
morbidity and mortality.17 If anesthetic or surgical expertise is insufficient to provide the required support for an
AMM biopsy, safer alternative sites, such as bone marrow,
pleural fluid and extrathoracic lymph nodes, can be
considered instead.18 However, they are associated with
false negative or inaccurate histological results,19–22
with diagnostic yields as low as 32% reported in bone
marrow aspirates and 86% from lymph node biopsies in
Hodgkin’s disease.23 In lymphoblastic lymphoma, even
less invasive means such as pleural fluid analysis can be
used to further mitigate risks.24
Aggressive surgical interventions, such as the use of
cardiopulmonary bypass or attempts at upfront resection, have very limited utility and need to be employed
with caution. Given the success of the more conservative initial diagnostic approaches that we demonstrated, these more radical maneuvers may hold even
less relevance in current practice and if so, only in a few
selected scenarios.25 However, empirical upfront treatment also can lead to dramatic tumor shrinkage, which
may make AMMs inaccessible for biopsy or potentially
alter the histomorphology.18 In pediatric patients with
mediastinal lymphoma, pre-biopsy steroids have been
associated with compromised pathological diagnosis in
up to 22% of cases26 but should be considered particularly in patients presenting with critical life-threatening
airway obstruction.27 Pre-
biopsy radiation can also
distort cellular morphology and compromise accurate
histological diagnosis and should be considered with
caution.28
Historically, GA has been strictly discouraged in
patients with AMMs because of the risk of precipitating
complete airway obstruction due to tracheal collapse,29 30
with up to 7%–20% encountering complications, ranging
from transient hypotension to complete cardiorespiratory collapse.31 In our study, at-risk patients with >50%
reduction in tracheal anteroposterior diameter had
significantly greater use of sedation over GA, with corresponding reduction of procedural morbidities. This
supports recommendations to maintain muscle tone and
spontaneous ventilation in such patients.32 Also, in our
study, procedural adverse events were significantly higher
in those who positioned supine. This supports the use of
upright posturing to decrease anteroposterior pressure
on the trachea, thereby avoiding critical airway collapse.
In the event of inadvertent intraprocedural deterioration, possible contingencies can include increasing
fractional inspired oxygen, repositioning, continuous
positive airway pressure or intermittent positive pressure
ventilation, rigid bronchoscopy or reducing anesthetic
depth.33 34
During the study period, we observed changing trends
in the use of sedative agents in our practice. There was
an increase in the use of ketamine from 2007 onwards,
possibly due to increased experience with its use in
patients with AMM and to increased awareness of its
advantages, namely maintenance of intercostal muscle
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function and chest wall tone, which prevent respiratory collapse.35 Also, we noted an increase in the use of
dexmedetomidine, which also caused minimal respiratory depression.36 However, to date, there has been little
published experience with the use of dexmedetomidine in pediatric AMMs.36–39 Increasingly, we have been
combining dexmedetomidine with ketamine, for their
complementary analgesic and sympatholytic effects.
This study was limited as a single-center experience and
by the small patient numbers, which limited the extent of
statistical analysis, particularly precluding multivariable
analysis. The wide range of diagnoses included in the
study may limit the interpretability of long-term survival
data, though it would be expected to have less direct
impact on immediate procedural outcomes compared
with the anatomical configuration of the tumor and
resulting airway compromise. While guided by current
evidence, choice of specific procedural measures was not
enforced among individual anesthetists and surgeons.
The duration of the study period could have contributed
to temporal bias and to selection bias due to inclusion of
only digitized CT studies. Using risk-based algorithms and
guidelines for multidisciplinary teams, future research
could study the impact of protocol-based treatment plans
in these high-risk procedures. Additionally, future studies
could evaluate recently described novel predictive risk
factors, including standardized tumor volume and mediastinal mass ratio, which is the CT-measured proportion
of maximal widths of mass over mediastinum.40
In conclusion, through a more selective approach to
using GA, traditionally high-risk patients with >50% anteroposterior tracheal compression could safely undergo initial
diagnostic biopsies of AMMs. Increased appreciation of
radiographic risk factors for airway-
related procedural
morbidity and risk-adapted perioperative management may
help to reduce the adverse outcomes historically associated
with pediatric AMM biopsies.
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