Surgery Today (2019) 49:410-419
https://doi.org/10.1007/s00595-018-1755-3

ORIGINAL ARTICLE q

Check for
updates

Indications for tracheostomy in children with head and neck lymphatic
malformation: analysis of a nationwide survey in Japan

Shigeru Ueno' - Akihiro Fujino? - Yasuhide Morikawa® - Tadashi lwanaka* - Yoshiaki Kinoshita® - Michio Ozeki® -
Shunsuke Nosaka’ - Kentaro Matsuoka® - Noriaki Usui®

Received: 1 May 2018 / Accepted: 30 November 2018 / Published online: 18 February 2019
© Springer Nature Singapore Pte Ltd. 2019

Abstract

Purpose Airway obstruction caused by lymphatic malformation (LM) in the head and neck may require a tracheostomy.
We present the results of our analysis of a nationwide survey on the indications for tracheostomy in children with head and
neck LM.

Methods We analyzed data in relation to tracheostomy based on a questionnaire about 518 children with head and neck LM
without mediastinal involvement.

Results Tracheostomy was performed for 43 of the 518 children. Most (32/43) of these children were younger than 1 year
of age and the tracheostomy was almost always performed for airway obstruction (40/43). The lesion was in contact with
the airway in 32 (72%) of these children, but in only 58 (12%) of the 473 children who were managed without tracheostomy.
When the maximum circumferential area of contact was compared, only 20 (27%) of 74 patients with maximum contact of
less than a half-circle required tracheostomy, whereas 11 of 13 with maximum contact of more than a half-circle required
tracheostomy (P=0.0001). Six patients without airway contact required tracheostomy because of acute swelling caused by
hemorrhage, infection, or both.

Conclusions Children with head and neck LM required tracheostomy to relieve airway obstruction. Tracheostomy should be
considered if the lesion is in contact with the airway and surrounds more than a half-circle, and when it causes acute swelling.
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Introduction

Lymphangioma or lymphatic malformation (LM) is a rare
congenital benign disease caused by the hamartomatous
development of the lymphatic vessels. It has been classi-
fied by The International Society for the Study of Vascular
Anomalies (ISSVA) into common (cystic) LM, general-
ized lymphatic anomaly (GLA), LM in Gorham-Stout
disease (GSD) and “others”. LM is further sub-classified
into macrocystic, microcystic, and mixed types [1, 2]. The
disease appears most commonly in the neck and axilla,
sometimes extending into the mediastinum and poten-
tially causing life-threatening symptom(s) from airway
obstruction [3-5]. In the Research Project for Intractable
Diseases, conducted by the Ministry of Health, Labor and
Welfare in Japan, we attempted to draft clinical guidelines
for LMs (common LM, GLA, GSD) affecting the airway
and other anatomical sites in children. To propose appro-
priate management for the LM lesion, which is infrequent
but presents in various clinical conditions, a nationwide
survey to register pediatric cases of LM was carried out
by our project team in 2015.

Airway obstruction caused by head and neck LM
sometimes requires tracheostomy to maintain the airway
integrity and relieve respiratory distress [4, 6]. To secure
an airway in a newborn baby, even ex utero intrapartum
treatment (EXIT) may be considered when a large head
and neck LM is detected prenatally [7-9]. However, child-
hood tracheostomy has been shown to impair speech devel-
opment, even after decannulation [10, 11]. Our project
composed clinical questions regarding the consideration
of tracheostomy for these children. We analyzed the clini-
cal data accumulated by the survey to elucidate the fac-
tors that optimize its consideration for a child with a head
and neck LM. Children with mediastinal involvement that
could affect the airway were also accumulated and their
management, including tracheostomy, was discussed in a
twin article published recently [12].

Methods
Questionnaire

The Research Project for Intractable Diseases conducted
by the Ministry of Health, Labor and Welfare tried to
establish practical guidelines for treating LM affecting
the airway. A nationwide survey to register pediatric
patients with LM was carried out by our project team in
2015. The survey was an extensive web-based question-
naire with 273 items on clinical features, including gender,

age at onset and diagnosis, perinatal history, symptoms,
lesion size and site, radiographic and pathological find-
ings, treatment, complications, clinical course, and out-
come. Regarding the lesion site, when LM was located
at a site affecting the airway, we asked about the exact
anatomical site using figures to define the area (Figs. 1, 2,
3). We also asked about the range and circumference of
contact with the airway at four different levels, from the
upper pharynx to the intrathoracic trachea, based on radio-
logical images (Fig. 4). Regarding treatment, we asked
for extensive details about the tracheostomy indications,
including why a tracheostomy was required, the presence
or absence of airway obstruction when the tracheostomy
was performed, and whether it was temporary with the age
of decannulation.

The questionnaire was sent by e-mail to every institute
with employed members of the Japanese Society of Pediatric
Surgeons. The email requested that respondents access the
webpage through the link: http://www.lymphangioma.net/
index.html, which was designed to register both patient
data and data from the treating surgeon. To avoid reporting
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Fig. 1 Definition of anatomical sites in the head
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Intrathoracic Trachea

@ Springer

Upper and middle pharynx (above the epiglottis)
Larynx (above and below the vocal cord)
Cervical trachea

® 06

Intrathoracic trachea
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duplicate data, we identified overlapping patients by date of
birth, sex, and an endemic number allocated to each patient.

Data analysis and ethical considerations

Statistical analysis was performed with Excel software
ystat2002 (Saitama, Japan). Descriptive statistical methods
(median and standard deviation) and the Yates chi-square
test for two and multi-group comparisons were used for
statistical analyses. A value of P <0.05 was considered
significant.

The survey involving human participants was conducted
in compliance with the ethical standards of the institutional
and/or national research guidelines, following the 1964 Dec-
laration of Helsinki and its later amendments or comparable
ethical standards. The Institutional Review Board of Keio
University School of Medicine (20,120,437) and the ethics
committee of the Japanese Society of Pediatric Surgeons
approved this survey on October 10, 2015. Formal consent
is not required for this type of study.

Results
Patients and general characteristics (Figs. 5, 6)

The web-based questionnaire accumulated data on 1718
children with LM, and 606 children with lesions capable of
impacting the airway were registered. Among these, 518,
with head and neck LM without mediastinal involvement
were extracted and the clinical features of each case were
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Fig.5 Gender and age of children at the time of the survey
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analyzed for 273 items. Eighty-seven patients with medias-
tinal involvement were registered, but their clinical features
and management, including tracheostomy, were discussed
and reported in the twin paper published previously [12].
The male-to-female ratio of children with head and neck
LM was 273:245 and the number of patients in each age
group, at the time of survey and at the time of diagnosis is
shown in Figs. 5 and 6. The lesion was found prenatally in
112 patients (22%) and within the neonatal period in 146
(28%), accounting for 50% of the registered cases, without
a significant gender difference (Figs. 5, 6).

Characteristics of head and neck LM (Figs. 7, 8, 9)

The head and neck LMs were located superficially in 482 of
the 518 (93%) patients, but some were present in deep sites.
The lesion was located either in the oral cavity, pharynx, or
larynx in 99 patients (Fig. 7). Many lesions were apparent,
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Fig. 7 Sites of the lesion and gender
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Fig. 8 Disfigurement by the lesion

but 97 and 47, respectively, were registered as “easily notice-
able” or “prominent”, accounting for only 27%. The response
was “not apparent” or “barely noticeable” for 188 and 162
patients, respectively (Fig. 8) Most lesions were diagnosed
as macrocystic LM (cystic lymphangioma) (374/518; 72%),
followed by mixed subtype LM (96/518; 19%), and micro-
cystic LM (cavernous lymphangioma) (28/518; 5%). There
were only three cases of GLA (Fig. 9).

Airway obstruction (Table 1)

Symptoms of airway obstruction were identified during the
clinical course in 73 (14%) of the 518 patients. The survey
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Table 1 Airway obstruction symptoms during the clinical course

Airway obstruction (+)  Complete obstruction at survey 4 (4%)
Always stenotic at survey 11 (10%)
Frequently stenotic at survey 6 (2%)
Possible at survey 13 (7%)
No obstruction at survey 39 (17%)
73 (40%)

Airway obstruction (—) 443 (3%)

Unknown 2

Total 518 (43%)

*No. of patients who had tracheotomy done during the clinical course

reported vague obstruction symptoms in 34 (6.5%) of the
73 patients, including the answer “possible” in 13. The
responses included “completely obstructed” for 4 patients,
“always stenotic” for 11, and “frequently stenotic” for 6
(Table 1). Thus, 39 patients who had suffered symptoms
were reported as having no symptoms at the time of the
survey.

Tracheostomy
Age at tracheostomy and decannulation (Figs. 10, 11)

A tracheostomy was performed for 43 (8.3%) of the 518
patients when most (32/43; 74%) were younger than 1 year
of age and it was temporary in 17 (40%) (Fig. 10). Decan-
nulation usually took place between 1 and 15 years of age
(13/17; 65%) (Fig. 11). When the tracheostomy was per-
formed in patients younger than 1 year of age, decannulation
was less likely than when it was performed in older children

@ Springer
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Fig. 11 Age at decannulation

Table 2 Airway obstruction and tracheostomy

Airway Airway Unknown  Total

obstruction  obstruction

(+) =)
Tracheostomy (+) 40 (93%)* 3 0 43
Tracheostomy (=) 33 (7%)* 440 0 473
Not mentioned 0 0 2 2
Total 73 443 2 518

*Significant difference (P=3.41E-54)

(11/32; 34%) vs. 5/9; 56%), although the difference was not
significant (P =0.44) (Fig. 10).

Airway obstruction and tracheostomy (Table 2)
Forty (93%) of the 43 patients required a tracheostomy

to relieve airway obstruction, while only 3 underwent a
tracheostomy without any obstruction symptoms, which is
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Table 3 Direct indications for tracheostomy and decannulation

Reason for tracheostomy Decannula- Decannula- Total
tion (—) tion (+)
Airway obstruction after birth 17 6 23
Acute swelling 6 7 13
Infection/hemorrhage 2 5 7
Sclerotherapy 3 2 5
Surgery 1 0 1
Prevention from compromise 1 2 3
Others 2 2 4
Total 26 17 43

significant (P =3.41E-54). Notably, 33 of 73 patients who
had experienced airway obstruction were managed without
tracheostomy (Table 2).

Causes and decannulation (Fig. 12; Table 3)

Direct indications for tracheostomy included airway obstruc-
tion symptoms in 23 patients, acute swelling from infection
and/or hemorrhage in 7, sclerotherapy in 5 and surgery in
1. In three patients, tracheostomy was performed to prevent
respiratory compromise before therapy (Fig. 12). In 17
patients whose tracheostomy was closed, airway obstruction

after birth was the reason for tracheostomy in 6, acute swell-
ing in 7, and as a preventive strategy in 2. There may be
some differences between the reasons for temporary and
non-temporary tracheostomy, but those were not significant
(Table 3).

Tracheostomy and airway contact of the lesion

The questionnaire asked whether the lesion was in contact
with the airway at six anatomical levels based on radio-
logical images: the upper pharynx, middle pharynx (above
the epiglottis), larynx above the vocal cord, larynx below
the vocal cord, cervical trachea and intrathoracic trachea
(Fig. 4). It also asked about the degree to which the lesion
circumscribed the area of airway it was in contact with: less
than a quarter, a quarter to half, half to three-quarters, three-
quarters to total, and totally circumferential.

Significance of airway contact (Table 4)

The lesion was in contact with the airway in 32 (74%) of
the 43 patients who required tracheostomy, but in only 58
(12%) of the 473 who were treated without tracheostomy.
This demonstrates that patients with a lesion in contact with
the airway are significantly more likely to need tracheos-
tomy. However, the lesions in six patients who required a
tracheostomy were described as “not having airway contact”.
The reasons for tracheostomy in these patients were airway
obstruction in four, (after birth in two and acute swelling
caused by infection in two), as a preventative measure before
treatment in one, and for long-term care in one (Table 4).

Anatomical site(s) of contact (Fig. 13)

There were 90 patients with a lesion in contact with the air-
way. The six anatomical levels of contact mentioned above
are also summarized in terms of tracheostomy requirement
in Fig. 13. The major contact areas were the middle pharynx
and larynx above the vocal cord. No specific contact area
was significantly associated with the necessity of trache-
ostomy, although 40% of patients with a lesion in contact
with the middle pharynx and larynx underwent tracheostomy
(Fig. 13). When comparing the longitudinal extent of the

Table 4 Tracheostomy and

: Airway contact (+) Airway contact (—) Airway contact Total
airway contact unknown
Tracheostomy (+) 32 (74%)* 6(14%) 5 43
Tracheostomy (—) 58 (12%)* 398(84%) 17 473
Not mentioned 0 0 2 2
Total 90 404 24 518

*Significant difference (P=5.37E-28)
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Fig. 13 Tracheostomy and
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NN
Middle pharynx (above the epiglottis) (1)*) (n=46) 23
]
Larynx (above the vocal cord) (2)*) (n=43) 24
NN
Larynx (below the vocal cord) (2)*) (n=27) 16
NN
Cervical trachea (3)*) (n=24) 18
NN
Intrathoracic trachea ((#)*) (n=4)

3
I ——
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Tracheostomy (+) Tracheostomy (-)

O*—@* indicate the anatomical areas in Fig. 4

Airway obstruction (-)

M Tracheostomy (+) 45

WAirway obstruction (+)

40

17
30 / -
-
/

40 Tracheostomy (-)

25 1
20

30

15

20 18 10 -
5 ﬁ &

10 Contact area 1/4<Contact 1/2<Contact 3/4<Contact Whole Area

3 1 1 <=1/4 areas1/2 areas3/4  area=Whole
0
ﬂ Ly
dol?

Contactarea 1/4<Contact 1/2<Contact 3/4<Contact Whole Area Unknown
<=1/4 areas1/2 area<3/4 area=Whole

No contact (n=404) |

Contact area <= 1/2 (n=74)

Contact area <= 1/2 (n=74) 20 54

Contact area >1/2 (n=13)

1/2 < ContaCt area (n:13) 2

0% 20% 40% 60% 80% 100%

18
BN R N —

0% 20% 40% 60% 80% 100%

Contact area Unknown (n=25)

® Tracheostomy (+) Tracheostomy (-) . . . .
racheostomy racheostomy ® Airway obstruction (+) Airway obstruction (-)

) . * indicates significant diff P=0.012
Fig. 14 1, 2 Tracheostomy and range of airway contact indicates significant difference ( )
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airway contact of the lesion based on the need for tracheos-
tomy, the longer the anatomical level involved, the higher
the rate of tracheostomy requirement, although not to a sig-
nificant degree (data not shown).

Circumferential area of contact (Figs. 14, 15)

On the other hand, when the circumferential area of contact
of the lesion at each anatomical level was compared, a tra-
cheostomy was required significantly more often if the lesion
contacted the airway more circumferentially (P =0.0001).
In fact, 11 of 13 patients with an LM lesion surrounding
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Fig. 17 Tracheostomy and disfigurement

more than half of a certain area of the airway underwent
tracheostomy (Fig. 14-1, -2) (Table 5). Significantly more
patients with a lesion in contact with the airway circumfer-
entially suffered airway obstruction (P =0.012) (Fig. 15-1,
-2) (Table 6).

Tracheostomy and other factors (Figs. 16, 17)

We also evaluated the association of tracheostomy with
pathological classification as well as with disfigurement.
Tracheostomy was associated significantly more with the
pathology of non-cystic LM than cystic LM (Fig. 16). LM
with more disfigurement was also significantly associated
with tracheostomy (Fig. 17).

Discussion

The prevalence of LM is reportedly 1-3 per 10,000 live
births. It is most commonly found in the head and neck
and sometimes extends to the mediastinum [1]. In the most

recent large series of patients with LM from Norway, the
head and neck was the most common site of presentation
[13]. Our nationwide survey in Japan allowed us to accu-
mulate 606 pediatric cases of head and neck LM, with or
without mediastinal involvement. The 87 cases of LM with
mediastinal involvement are discussed in another paper [12].
In the present study, we analyzed 518 pediatric patients with
head and neck lesions, but without mediastinal LM, account-
ing for 30.2% (518/1718) of all LM cases registered in our
survey, supporting the fact that head and neck is the most
common site.

Superficial head and neck LM can be diagnosed in utero
or soon after birth. Surveyed data showed that 258 of the 518
(50%) cases in Japan were diagnosed within the neonatal
period, including 112 cases detected in utero (Fig. 6). Since
the lesion is congenital, it should be apparent at birth, but the
survey suggested that LM may be noticed later in life. Since
the lesion was described as “not apparent” or “barely notice-
able” in 350 (68%) of the 518 patients surveyed (Fig. 8), LM
may grow during early life, or caregivers may notice a subtle
change. In a recent series of 40 patients with cervicofacial
LM reported by Cho et al. from Korea, 73% presented with
symptoms before the age of 2 years [14].

Head and neck LM can be large enough to occupy the
thoracic outlet and compress the airway and it may be sus-
ceptible to infection, which can cause a variety of respiratory
symptoms triggered by airway obstruction. When a patient
with LM suffers severe obstruction, airway management
is crucial to relieve the symptom. Teresa et al. reviewed
141 patients with LM of the upper aerodigestive tract and
reported that a high percentage had LM involvement of the
oral cavity and oropharynx, but that there was no involve-
ment of the glottis, subglottis, or trachea. They concluded
that airway involvement of head and neck LM may occur at
multiple sites above the glottis [5]. Berg et al. reviewed 16
patients with laryngeal LM and classified them by a 4-part
staging system. They reported that patients with more
advanced stage disease required a tracheostomy [15].

Pediatric patients with upper airway obstructions rep-
resented by subglottic stenosis and vocal cord palsy may
require a tracheostomy, as may those with long-standing
compromising respiratory symptoms. Cystic hygroma, or
head and neck LM, are uncommon and require tracheostomy
[4, 6]. However, the airway management of early infants
with head and neck LM is critical for sustaining life, espe-
cially when the LM is diagnosed prenatally [16]. Ex Utero
Intrapartum Therapy (EXIT) has been introduced for prena-
tally diagnosed LM that may cause airway obstruction soon
after birth, and LM is an indication for EXIT [17-19]. Main-
taining the airway during EXIT includes manual bagging
and/or endotracheal intubation and a tracheostomy is the
final option [18]. However, tracheostomy results in speech-
less life and undermines quality of life. It has been reported
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that tracheostomy has wide-ranging effects on quality of life,
including the speech and language development of both the
patient and their caregivers [20]. Crucial factors are the age
at tracheostomy and the time until decannulation. Achieving
the earliest possible decannulation could improve the chance
of normal speech and language development [10, 11].

Although head and neck LM can be life threatening by
compromising the airway, considering that the lesion is gen-
erally benign and is sustained later in life, avoiding unnec-
essary tracheostomy and encouraging the psycho-social
development of the patient by speech should be mandatory.
For that purpose, there should be some valid indicator(s) for
tracheostomy for the LM, but no such index has been pub-
lished. Thus, the clinical features of patients with or without
tracheostomy according to the survey were analyzed to elu-
cidate the conditions that require tracheostomy.

Our survey revealed that most cases of head and neck
LM did not require tracheostomy (43/518; 8.3%) (Table 2).
Moreover, most tracheostomies were performed in patients
younger than 1 year of age (32/43; 74%) because of airway
obstruction, but it was closed in 40% of them (17/43), usu-
ally when the patient was over 1 year of age (15/17) (Table 3;
Figs. 10, 11). Airway obstruction after birth was the leading
indication for tracheostomy, which was often permanent for
patients with symptoms (Fig. 12). Since it is indispensable
to establish the indication for tracheostomy early in life to
secure the airway, accumulated data were analyzed to eluci-
date the conditions associated with tracheostomy.

The questionnaire did not contain any word suggesting
“near miss syndrome” or when airway obstruction devel-
oped, except soon after birth. However, answers about air-
way obstruction should reflect the episode of the syndrome.
Almost all patients who required a tracheostomy had suf-
fered airway obstruction but 33 of 73 patients who had expe-
rienced airway obstruction during their clinical course were
managed without tracheostomy (Table 2).

Evaluation of the age distribution of tracheostomy and
decannulation revealed that obstructive episodes were most
likely to occur within a year of birth, with subsequent decan-
nulation for selected patients (Figs. 10, 11). The reasons for
temporary and non-temporary tracheostomy differ some-
what, although not significantly. Shrinkage of cystic LM
after treatment allowed for decannulation in 7 of 13 patients
who underwent tracheostomy for acute swelling caused
by infection/hemorrhage or were treated by sclerotherapy

(Table 3). These data suggest that airway obstruction symp-
toms do not necessarily require tracheostomy if they are
temporary or not severe. Ultimately, while every effort is
made to avoid unnecessary tracheostomy, which can have
negative influence on development, a tracheostomy must be
performed in time before airway obstruction causes brain
damage. The best timing to perform tracheostomy was not
defined by this retrospective survey, but analyzing it would
provide clues as to when to consider tracheostomy.

The lesion was in contact with the airway to some degree
in 84% (32/43) of the patients with tracheostomy, but in
only 12% (58/473) of those without tracheostomy (Table 4).
Furthermore, the more the lesion surrounds the airway,
the greater the chance that a tracheostomy will be needed,
especially when more than half of an area is circumscribed
(Table 5). Non-cystic LM and severe disfigurement by
the lesion are significantly associated with tracheostomy.
Moreover, airway contact, pathology, and disfigurement are
all thought to be closely related to each other. The analy-
sis in this paper is mono-variant and a multi-variant analy-
sis should be considered to clarify whether each factor is
independent.

To predict the need for tracheostomy for head and neck
LM, it may be useful to monitor its contact with the airway
radiologically using ultrasonography and/or magnetic reso-
nant imaging (MRI). When the lesion is in contact circum-
ferentially, even if there are no airway obstruction symptoms
yet, the need for tracheostomy to prevent respiratory distress
can be predicted before therapeutic intervention. If this was
detected prenatally, it could suggest the need for EXIT to
secure the airway and prevent compromised respiration after

Table 6 Airway obstruction and range of airway contact

Table 5 Tracheostomy and
range of airway contact

Maximum contact ~ Airway Airway Airway Total
area obstruction obstruction obstruction
+) (=) unknown
No contact 14 390 0 404
Contact 40 (54%)* 34 (46%)* O 74
area<=1/2
Contact area>1/2 12 (92%)* 1 (8%)* 0 13
Contact area 7 18 2 27
unknown
Total 73 443 2 518
*Significant difference (P=0.012)
Maximum circumferential area Tracheostomy (+) Tracheostomy (—) Total
Contact area<=1/2 20 27%)* 54 (93%)* 74
1/2 < contact area 11 (85%)* 2 (B%)* 13
Total 32 58 90

*Significant difference (P =0.0001)
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birth. On the other hand, if there is minimal contact with the
airway, we should avoid tracheostomy, which can impact
development negatively. Even if the EXIT is considered, it
would be more appropriate to try to secure the airway with
a tracheal tube first. Further study is needed to clarify this.

Conclusions

Analysis of nationwide survey data on head and neck LM
without mediastinal involvement in Japan confirmed that
LM, which is congenital, can cause life-threatening air-
way obstruction symptoms in infancy. Tracheostomy was
required when the lesion caused airway obstruction. To elu-
cidate the conditions that would result in LM compromis-
ing the airway and necessitating tracheostomy, accumulated
clinical features were analyzed. Tracheostomy should be
considered when the lesion is in contact with the airway and
surrounds more than a semicircle; however, if contact with
the airway is minimal, we should avoid performing trache-
ostomy, which impacts negatively on development. Even if
the EXIT is considered, it would be more appropriate to try
to secure the airway with a tracheal tube first. Further study
is indispensable to elucidate the indications.
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