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Abstract

Background: Sacrococcygeal teratoma (SCT) is the most common extragonadal germ cell tumor in neonates and
infants. Although most cases of infantile SCT are benign tumors by nature, some develop into extremely large
lesions, leading to massive bleeding, high-output heart failure, disseminated intravascular coagulation, and even
fatal outcomes during the neonatal period. In addition, some patients may present with tumor recurrence, malignant
transformation, long-term sequelae (including bladder and bowel dysfunction) and lower leg palsy during the long-
term follow up. SCT, however, is very rare, and there are few opportunities to encounter this disease, therefore gen-
eral physicians without expert credentials currently lack information relevant to clinical practice. For this reason,
the research project committee has compiled guidelines concerning SCT.

Methods: The purpose of these guidelines was to share information concerning the treatment and follow up of
infantile SCT. The guidelines were developed using the methodologies in the Medical Information Network Distri-
bution System. A comprehensive search of the English- and Japanese-language articles in PubMed and Ichu-Shi
Web identified only case reports or case series, and the recommendations were developed through a process of
informal consensus.

Results: The clinical questions addressed the risk factors, the efficacy of cesarean section, the initial devasculariza-
tion of tumor feeding vessels, interventional radiology, recommended clinical studies for follow up and possible
long-term complications.

Conclusions: These are the first guidelines for SCT to be established in Japan, and they may have huge clinical
value and significance in terms of developing therapeutic strategies and follow up, potentially contributing to the
improvement of the prognosis and quality of life of SCT patients.

Key words guideline, long-term prognosis, risk factor, sacrococcygeal teratoma.

Sacrococcygeal teratoma (SCT) is the most common extrago-
nadal germ cell tumor in neonates and infants. This lesion
consists of a solid and/or cystic component and develops
either from the tip of the sacrum, protruding outward from the
buttocks, or within the pelvic cavity. SCT occurs in 1 out of
every 40 000 births, and the male-female ratio is approxi-
mately 1:3, more frequently occurring in girls. Although most
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cases diagnosed at the time of birth are mature/immature ter-
atomas, yolk sac tumors occur more frequently in children
after 1 year of age, reportedly occurring at a rate >75%."

The Altman classification is commonly used for classifica-
tion according to the occurrence site of SCT and includes the
following types: type I, most of the tumor consists of compo-
nents outside the pelvis; type II, although there is development
inside the pelvic cavity, the components outside the pelvis are
larger; type III, although there is development outside the pel-
vis, the components inside the pelvic cavity and abdomen are
larger; type IV, there is no development outside the pelvis,
and the tumor consists only of components inside the pelvic
cavity and abdomen (Fig. 1.2
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Fig. 1 Altman’s classification of infantile sacrococcygeal ter-
atoma (reproduced from Altman et al.”> with permission).

With regard to treatment of SCT, surgical excision is car-
ried out for mature and immature teratomas. In cases of Alt-
man type I, many patients undergo a surgical approach from
the buttocks, while laparostomy is concomitantly used in
patients with large intra-abdominal components. With gigantic
solid masses, the risk of bleeding is high, and ligation of the
median sacral artery first, which is a nutrient blood vessel,
may be useful. With yolk sac tumors, chemotherapy, such as
BEP (Bleomycin + Etoposide + Cisplatin) therapy, may be
carried out first, followed by surgical excision.

Although most cases of infantile SCT are benign tumors
by nature, some develop into extremely large ones, leading
to massive bleeding, high-output heart failure and dissemi-
nated intravascular coagulopathy (DIC); fatal outcome during
the neonatal period can also occur. In addition, even after
successful tumor excision, some patients may present with
tumor recurrence, malignant transformation, bladder and bowel
dysfunction as well as lower-leg palsy during long-term
follow up.

No clear medical guidelines for SCT have yet been estab-
lished because SCT is very rare and there are few opportuni-
ties to encounter this disease, not only for pediatricians and
obstetricians but also for pediatric surgeons. Therefore, there
is insufficient information concerning the risk factors of
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severity, optimal mode of delivery, treatment strategies and
appropriate follow-up assessment, for general physicians with-
out expert credentials.

Our research project committee has compiled a set of
guidelines providing information about SCT to clinicians to
help improve the prognosis and quality of life (QOL) of
patients with this disease. The essence of the newly proposed
Japanese clinical guidelines for SCT is summarized in this
report.

Guideline formulation method

The purpose of these guidelines was to share information on
the disease concept, diagnostic criteria and severity assessment
as well as to assist in making decisions in the prenatal man-
agement, treatment and follow up for patients’ families and
general physicians, including obstetricians, neonatologists,
pediatricians and pediatric surgeons.

Coverage of the clinical practice guidelines was as follows:
(1) SCT in infants and young children; (ii) treatment for
patients who have been definitively diagnosed with this dis-
ease; (iii) the prenatal diagnosis, perinatal care management,
preoperative management, interventional radiology (IVR), sur-
gical therapy and postoperative management; and (iv) compli-
cations, long-term follow up and prognosis.

The guidelines were developed using the methodologies
described in the Medical Information Network Distribution
System [Minds] Handbook for Formulating Clinical Practice
Guidelines 2014° and the Minds Manual for Guideline Devel-
opment.* The panel of experts consisted of obstetricians,
neonatologists, pediatricians, radiologists and pediatric sur-
geons. The members met several times in person to discuss
evidence from a systematic review and draft recommenda-
tions. Panel members and their fields of expertise are listed in
Table 1.

The English-language literature search was conducted using
the MEDLINE database via PubMed (until September 2014).
Japanese-language literature was collected from the Internet
version of the Japana Centra Revuo Medicina (Nippon Igaku
Chuuou Zasshi; until September 2014). A total of 1,388 papers
were collected. First, the titles and abstracts of all papers were
examined, and 354 papers were chosen for further examination
of the full text. Each paper was independently evaluated by
two examiners. Finally, 105 articles were reviewed systemati-
cally by seven members of the systematic review (SR) team.
The guideline development group created the recommenda-
tions and commentary based on the materials submitted by the
SR team.

In the screening, no Cochrane reviews, SR, randomized
controlled trials, non-randomized controlled trials, interven-
tional studies or observational research were identified, and all
of the articles were case reports or case series, with no refer-
ences adopted for the evaluation of the body of evidence. For
this reason, a qualitative review was conducted, and we
reached decisions through a process of informal consensus
involving a group discussion process designed to allow all
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Table 1 Clinical practice guidelines for sacrococcygeal ter-
atoma: Expert development panel

o ptal s

No.

Name

Certification

Affiliation

Guideline development team

1 Tatsuro Board-certified  Department of Pediatric
Tajiri pediatric Surgery, Kyoto
(Chairman) surgeon Prefectural University of

Medicine

2 Noriaki Usui Board-certified  Department of Pediatric
(Vice pediatric Surgery, Osaka Women’s
Chairman) surgeon and Children’s Hospital

3 Masanori Board-certified  Department of Pediatrics,
Tamura neonatologist Saitama Medical Center,

Saitama Medical
University

4 Haruhiko Board-certified ~ Department of Maternal-

Sago obstetrician Fetal and Neonatal
Medicine, National
Center for Child Health
and Development

5 Shigeru Ono Board-certified  Department of Pediatric

pediatric Surgery, Jichi Children’s
surgeon Medical Center Tochigi,
Jichi Medical University

6  Shunsuke Board-certified ~ Division of Radiology,

Nosaka radiologist National Center for Child

Systematic review team

Health and Development

1 Akihiro Board-certified  Department of Pediatric
Yoneda pediatric Surgery, Osaka City
surgeon General Hospital
2 Ryota Board-certified ~ Department of Pediatric
Souzaki pediatric Surgery, Graduate School
surgeon of Medical Sciences,
Kyushu University
3 Shigehisa Board-certified ~ Department of Pediatric
Fumino pediatric Surgery, Kyoto
surgeon Prefectural University of
Medicine
4 Mayumi Board-certified ~ Department of Pediatric
Higashi pediatric Surgery, Kyoto
surgeon Prefectural University of
Medicine
5 Kohei Sakai  Board-certified ~ Department of Pediatric
pediatric Surgery, Kyoto
surgeon Prefectural University of
Medicine
6 Ken Board-certified  Department of Obstetrics
Takahashi obstetrician and Gynecology, Jikei
University School of
Medicine
7  Takahiro Board-certified  Department of Pediatrics,
Sugiura pediatrician Toyohashi Municipal

Hospital

members of the group to voice their opinions and contribute

equally to the decision-making with the goal of providing rec-

ommendations that would be useful for clinical practice.5
Finally, the guidelines consisted of six clinical questions

(CQ) and recommendations for these questions related to the
assessment of the severity, prenatal management, treatment,
follow up and possible long-term complications (Fig. 2). The
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Fig. 2 Flowchart for the management of infantile sacrococcygeal
teratoma (SCT). CQ, clinical question; C/S, cesarean section; VR,
interventional radiology.

guidelines merely offer standards of management and are not
necessarily meant to regulate clinical practice.

Recommendations

CQ1: What are the risk factors related to the vital
prognosis of SCT?

Recommendation: Risk factors related to the vital prognosis of
SCT include tumor size and growth rate, tumor histological
and component type, complications of fetal edema and heart
failure and early delivery. Attention should be paid to the
existence of these risk factors when planning treatment for
SCT.

Risks related to the vital prognosis can be divided into
tumor-related and patient-related factors. The tumor size and
growth rate as well as its histological (mature/immature) and
component type (solid/cystic/mixed) may be risk factors of
tumors related to the vital prognosis.®'® In contrast, as risk
factors in children, heart failure and fetal edema are related to
mortality.'”'® Usui er al. reported mortality rates in patients
with gestational age <28 weeks, 28-31 weeks, 32-36 weeks,
and >37 weeks as 60%, 38%, 11% and 0%, respectively.“



We therefore assume that immature teratoma, solid component
dominant type, fetal edema, heart failure and early delivery
may be risk factors in children related to the vital prognosis.

CQ2: Does cesarean section improve the prognosis of
tumors with extrapelvic lesions?

Recommendation: For tumor lesions outside the pelvis, it is
reasonable to consider cesarean section depending on the size
thereof in order to avoid tumor rupture, tumor hemorrhaging
and delivery difficulty.

While there are no reports comparing cesarean delivery and
vaginal delivery with respect to vital prognosis, several studies
have reported problems with vaginal delivery due to SCT.
These problems include the fact that extrapelvic lesions cause
fetal malposition or hinder the progress of labor, along with
the fact that the tumors may rupture at delivery, leading to
bleeding of the tumor and blood loss in the fetus.'*** In some
reports, however, vaginal delivery was selected in the case of
tumor size <5 cm.'®** The delivery-related factor having the
greatest impact on the prognosis of the fetus is blood loss due
to tumor damage, and cesarean section delivery may poten-
tially reduce such risks.

Regarding comparisons between scheduled cesarean section
and emergency cesarean section, Japanese papers reported that
the proportion of emergency procedures was significantly
higher in cases of postnatal death than in surviving cases
(72.7% vs 29.9%), while that of scheduled procedures was sig-
nificantly lower (18.2% vs 48.1%)."° It may be necessary to
perform appropriate medical intervention before emergency
cesarean section is required.

In summary, when cesarean section is performed at an
appropriate time for extrapelvic tumor lesions, it may reduce
the risk of tumor rupture and bleeding and improve the prog-
nosis, especially in the case of large tumors. The vital progno-
sis, however, is affected by many other factors, making it hard
to conclude that it can be improved by cesarean section alone.

CQa3: In the surgical treatment of SCT, is the initial
devascularization of tumor feeding vessels effective?

Recommendation: For SCT with hypervascularity, the initial
devascularization of feeding vessels originating from the med-
ian sacral artery and the internal iliac artery may be consid-
ered.

There have been many reports indicating that the devascu-
larization of feeding vessels from the median sacral artery or
the internal iliac artery prior to tumor resection was useful for
decreasing intraoperative bleeding. As methods of devascular-
ization, there have been reports of ligation by laparotomy>> %°
as well as that using laparoscopy.‘w_ 3 Despite the pretreat-
ment of feeding blood vessels, however, massive bleeding was
observed during surgery, and pretreatment was not effec-
tive.”®* There have been no reports on complications related
to the intraperitoneal pretreatment of tumor-feeding vessels,
including postoperative ileus, nor have there been any reports
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on the improvement of the vital prognosis or reduction in the
rate of postoperative complications due to pretreatment. With
respect to the amount of bleeding, the number of reports indi-
cating the effectiveness and benefit of pretreatment exceeded
that of reports showing the ineffectiveness thereof, with no
reports indicating any harm caused by pretreatment. Therefore,
we concluded that the pretreatment of feeding vessels from
the median sacral artery or the internal iliac artery may be
effective and should be considered.

CQ4: Is IVR useful as an adjunctive treatment?

Recommendation: Although IVR for SCT facilitates tumor
removal and may reduce the amount of bleeding at the time of
removal, few cases of IVR have been documented, and a
skilled technique is required for the procedure. Therefore, we
recommend that the feasibility of the procedure at each facil-
ity be thoroughly examined before its application.

The four cases of IVR performed in neonates with SCT
were all transcatheter arterial embolization,”’38 including one
case in which radiofrequency ablation (RFA) was carried out
prior to birth,*® and one case in which RFA was performed as
an additional treatment after embolization.” The maximum
diameter of all tumors treated was >10 cm. In two cases, it
was reported that although IVR is effective, proficient skill is
required for the procedure.>>=’

Although there were no reports on the improvement of vital
prognosis, all patients who underwent IVR survived, and the
tumor was able to be easily removed in two cases.’”*® Persis-
tent blood transfusion and hyperkalemia, however, caused dif-
ficulty in intraoperative management, with intraoperative
cardiac arrest in one case.”’ During subsequent tumor resec-
tion, there was little bleeding in three of four cases. The
reduction in the rate of postoperative complications was
unclear, and no reports described complications occurring after
surgery. None of the four reports on IVR described the com-
plications associated therewith.

CQ5: What kinds of clinical studies are recommended for
follow up of recurrence after treatment?

Recommendations: Although the risk of recurrence of malig-
nant teratomas is high, even mature or immature teratomas
may develop malignant recurrence. o-Fetoprotein (AFP) mea-
surement is recommended for the early detection of malignant
recurrence. It is necessary to conduct follow up for 3 years
after the end of treatment.

There were no prospective clinical studies on the recur-
rence of SCT during this study period. According to several
retrospective reports, the recurrence rate was 8.9% in the
Netherlands* and 8.3% in Japan.]3 In the Maligne Keimzell-
tumoren (MAKEI) study, the time to recurrence with malig-
nant transformation of neonatal SCT was 12-26 months.*’
Recurrence risk factors include malignant teratoma and posi-
tivity for resection stumps in malignant cases. Even mature or
immature teratomas with complete resection may recur with

© 2019 Japan Pediatric Society



676 S Fumino et al.

malignant transformation, underscoring the need to perform
follow up until 3 years of age, given that most cases of recur-
rence occur by the age of 2.13.14.39-42

There have been many reports on the measurement of AFP
at follow up for recurrence, many of which indicate high AFP
at onset. According to Hawkins et al. Pediatric Oncology
Group and Children’s Cancer Study Group (POG/CCSG), AFP
was increased in all six patients (100%) with recurrent malig-
nant SCT (218-32 000 ng/mL),42 and according to Schneider
et al. (MAKEI), AFP was increased in 21 of 22 patients
(95.4%) with recurrent malignant SCT.* In addition, Pauniaho
et al. reported high AFP (2.5-fold the median) in 33% of non-
recurrent patients (6/18), and high AFP in 66% of recurrent
patients (4/6).* This suggests that AFP may be useful for the
follow up of recurrence.

CQ6: What long-term complications might occur after
treatment?

Recommendations: In newborns and infants with SCT, long-
term complications, including impaired bowel function and/
or urinary incontinence, lower leg palsy and cosmetically
unacceptable scarring, often occur, even in the case of
complete removal. It is recommended to mention these
facts to patients/families before deciding on the course of
treatment.

For neonates and infants with SCT, severe long-term com-
plications after curative surgery may significantly reduce
QOL. Therefore, it is important to recognize these long-term
complications and ensure they are taken care of through fol-
low up and adjustment to their home life. Several references
suggest the following five items to be major long-term seque-
lae: (i) impaired bowel function; (ii) urinary incontinence; (iii)
lower leg palsy; (iv) sexual dysfunction; and (v) cosmetically
unacceptable scarring.

Impaired bowel function and urinary incontinence are com-
mon long-term complications after surgery for SCT. The
occurrence of such complications ranges from 19% to 38% for
bowel function, and around 50% for urinary incontinence,
with both occurring in 11-45.2% of cases.***’ Risk factors
include obstruction of the urinary tract and intestinal tract at
prenatal imaging diagnosis, tumor recurrence, types other than
Altman type I and abdominosacroperineal resection for Alt-
man type III and IV.***" Cozzi et al., however, reported that
there was no significant difference between adult patients with
SCT and the control group.48

Impaired movement of the lower leg has been reported in
5.0-11.1% of cases,”>* but there has been little description
of the extent of such impairment. Likewise, there is little doc-
umentation on the sexual function of these patients. Regarding
trouble during sexual intercourse, Draper et al. reported that
some women were incapable of sexual intercourse due to pain,
while some men had impotence,53 and in another study 20%
of men had impotence while 10% of women had urinary
incontinence during sexual intercourse.”” Regarding pregnancy
and delivery, 38.5% of patients were able to give birth without
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requiring intervention.”® According to a report in a Scottish
national cohort, 22.2% of women >16 years of age had gone
through pregnancy and given birth.**

Regarding cosmetically unacceptable scarring, 40.3% of
patients with SCT complained that their surgical wounds were
unacceptable, with a significant difference between patients
diagnosed prior to 8 days from birth and those with large
tumors, according to Derikx et al.®

Based on the aforementioned reports, after surgery for
SCT, patients may have impaired bowel function and/or uri-
nary incontinence, lower leg palsy and cosmetically unaccept-
able scarring, indicating the importance of follow up.
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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.

Keywords Lymphangioma - Lymphatic malformation - Neck - Tracheostomy - Management
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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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Fig.4 Definition of anatomical sites of airway contact

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,

500

450 */ female
/ mmale
400 -
/‘ 227
350
300 /
250 /
200
150 -
100 -
47
50 9 6
0 : {12 8
Superficial head Deep head Supraclavicular ~ Chest wall or
and/or neck and/or neck fossa axilla

Fig.7 Sites of the lesion and gender

No mention, 27

Prominent, 47

Not noticeable,
188

Easily
noticeable, 94

Barely
noticeable, 162

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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Fig.9 Classification of the lesion

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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Fig. 12 Direct indications for tracheostomy

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

airway contact Upper pharynx (D*) (n=29) 22
NN
Middle pharynx (above the epiglottis) (1)*) (n=46) 23
]
Larynx (above the vocal cord) (2)*) (n=43) 24
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Larynx (below the vocal cord) (2)*) (n=27) 16
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Cervical trachea (3)*) (n=24) 18
NN
Intrathoracic trachea ((#)*) (n=4)
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Fig. 15 1,2 Airway obstruction and range of airway contact

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

@ Springer



418

Surgery Today (2019) 49:410-419

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 (B3%)* 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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Abstract

Purpose Clinical guidelines on lymphatic malformation (LM) influencing the airway have been crafted in the Research
Project for Intractable Diseases. We herein report an analysis of a nationwide survey of mediastinal LM and the therapeutic
recommendations.

Methods Eighty-seven registered cases with mediastinal involvement were analyzed with a review of the literature.
Results Mediastinal LM was located more often in the upper and anterior mediastinum and was found without any accom-
panying symptoms in 56/87 cases. Tracheostomy was required in 23/87 cases, mostly <2 years of age (87%). All patients
who needed tracheostomy had a lesion in contact with the airway, while only 55% of those without tracheostomy had contact.
Tracheostomy tended to be placed more when the longer segment of the airway was in contact with the LM. Multimodal
treatments were performed in 29 patients, but the lesions remained in most cases, and chylothorax, hemorrhaging, nerve
palsy, and infections were noted as complications.

Conclusions In patients with mediastinal LM, tracheostomy may be necessary, especially when the lesion is extensive and
contacts the airway. Extirpation of the mediastinal LM may be the only therapeutic option, but in cases with few or no symp-
toms, non-surgical treatment should be considered in light of potential postoperative complications.

Keywords Lymphatic malformation - Mediastinum - Child - Tracheostomy

Introduction classification proposed by The International Society for the

Study of Vascular Anomalies (ISSVA), categorized LM
Lymphatic malformation (LM) is a rare congenital benign  into common (cystic) LM, generalized lymphatic anomaly
disease caused by hamartomatous development of the (GLA), LM in Gorham-Stout disease (GSD), and others.
lymphatic vessels with unknown cause [1]. The latest LM is further sub-classified into macrocystic, microcystic,
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and mixed type [2]. The disease appears most commonly in
the neck and axilla, and about 10% of cases extend into the
mediastinum, potentially causing life-threatening symptoms
due to airway obstruction [3-5]. In the Research Project for
Intractable Diseases conducted by the Ministry of Health,
Labor and Welfare in Japan, we have attempted to draft clini-
cal guidelines about LMs (common LM, GLA, and GSD)
influencing the airway in children after establishing clini-
cal questions (CQs) regarding mediastinal LM. Mediastinal
lesions are most likely to be extended from the neck, but
LM confined to the mediastinum can be found incidentally
or with few symptoms. Airway obstruction caused by the
lesion sometimes requires tracheostomy to relieve respira-
tory distress, whereas lesions with no or few symptoms can
be managed by a more conservative strategy. Since LM con-
fined to the mediastinum is a relatively rare condition and
may be asymptomatic in some cases, it is difficult to propose
appropriate practical guidelines for such lesions.

Thus, a nationwide survey to register pediatric cases with
LM was carried out by the Project team in 2015 to eluci-
date the optimum treatment approach and to recommend
practical guidelines. We also searched for reported pediatric
cases with LM confined to the mediastinum and suggested
appropriate therapeutic recommendations for mediastinal
LM with or without head and neck lesions based on the
clinical features accumulated using the nationwide survey
and the literature.

Methods
Questionnaire

In the Research Project for Intractable Diseases conducted
by the Ministry of Health, Labor and Welfare, we tried to
establish practical guidelines for treating LM influencing
the airway. A nationwide survey to register pediatric cases

Fig. 1 Definition of the ana-

tomical site of the mediastinum
Manubriem of stermum

with LM was carried out by the Project team in 2015. The
survey was an extensive web-based questionnaire with 273
items on clinical features, such as the gender, age at the
onset and diagnosis, perinatal history, symptoms, lesion size
and site, radiographic and pathological findings, treatment,
complications, clinical course, and outcome. Regarding the
lesion site, when LM is present within the thoracic cavity,
we asked about the exact anatomical site using a figure to
define the area (Fig. 1). We also asked about the range and
circumference of contact with the airway from the upper
pharynx to the intrathoracic trachea, based on radiologi-
cal images (Fig. 2). Regarding the treatment, we asked for
extensive details of tracheostomy indications, including
why a tracheotomy was required, the presence or absence
of airway obstruction when the tracheostomy was placed,
and whether or not it was temporary. Treatment modalities
inquired about included surgery, sclerotherapy, and others,
and the outcomes asked about included the mortality and
any morbidities.

The questionnaire was advertised by e-mail to every insti-
tute employing members of the Japanese Society of Pedi-
atric Surgeons and requested that respondents access the
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Fig.2 Definition of the anatomical site of the airway
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webpage http://www.lymphangioma.net/index.html, which
was designed to register both patient data and the responsible
surgeon. To avoid reporting duplicate data, we identified over-
lapping patients by date of birth, sex, and an endemic number
given to each patient.

Data collection and literature search

Collected data on patients with LM with mediastinal involve-
ment were used to answer following clinical questions: CQ1—
when is tracheostomy indicated? CQ2—what is the most
appropriate therapy for incidentally found mediastinal LM,
considering the post-therapeutic complications and outcome?

To answer these CQs, we sorted surveyed data for medias-
tinal LM with or without other site lesions and analyzed the
data. We also searched for Japanese case reports using the
“Igaku Chuo Zasshi” (Japan Medical Abstracts Society) search
engine with the keywords “mediastinum”, “lymphangioma”,
and “lymphatic malformation”. PubMed and Scopus were also
searched for pediatric cases (< 15 years of age) with the same
features. Cases with lymphangiomatosis, namely, GLA or LM
in GSD, were excluded, and the patients with only mediastinal
LM involvement were extracted from the literature search. We
collected the patient profiles, including the age, symptoms,
lesion site, treatment modality, and outcomes, including post-
therapeutic complications, from the extracted articles to make
a database. Based on the survey data and literature search, we
attempted to answer the above CQs.

Data analyses and ethical considerations

Statistical analyses were performed with the Excel software
program ystat2002 (Saitama, Japan). Descriptive statistical
methods (median and standard deviation) and a chi-squared
test or Fisher’s exact test for two-group comparisons were used
for the statistical analyses. A value of P <0.05 was considered
statistically significant.

The survey involving human participants was in compliance
with the ethical standards of the institutional and/or national
research guidelines and with the 1964 Declaration of Helsinki
and its later amendments or comparable ethical standards. The
Institutional Review Board of Keio University School of Medi-
cine (20120437) and ethics committee of the Japanese Society
of Pediatric Surgeons approved this survey on October 10,
2015, and formal consent is not required for this type of study.

@ Springer

Table 1 Gender and age at the diagnosis

Age Male Female Total
Prenatal 20 16 36
<1 month 10 7 17
1-12 months 2 4 6
1-5 years 8 7 15
6-15 years 2 2 4
> 16 years 0 1 1
Unknown 1 7 8
Total 43 44 87
Table 2 Site of mediastinal ]
lymphatic malformations Superior 67
Anterior 30
Middle 15
Posterior 7
Bilateral lungs 2
Heart 1
Rt paravertebral 1

Results
Questionnaire results
Age at the diagnosis

The web-based questionnaire accumulated data on 1718
cases with LM, and a total of 606 cases with lesions capa-
ble of influencing the airway were registered by the ques-
tionnaire. Among them, 87 cases with mediastinal LM were
extracted, and the clinical features of each case were ana-
lyzed for 273 items. The male-to-female ratio was 43:44, and
the numbers of patients in each age group at the diagnosis
are shown in Table 1. Mediastinal LM was most frequently
found prenatally in registered cases (36/87; 41%). The medi-
astinum was the only site of LM in 20 patients, while 67
patients LMs at sites other than the mediastinum (data not
shown).

Characteristics of the mediastinal LMs

Mediastinal LM was found most frequently in the upper
mediastinum (67/87; 77%), followed by the anterior (30/87;
34%), middle (15/87; 17%), posterior (7/87; 8%), and other
areas (Table 2). The lesion type was considered to be cystic
in 56/87 cases (64%), cavernous in 7/87 (8%), mixed in
16/87 (18%), and unknown in 8. Under ISSVA classification,
51 were diagnosed as common (cystic) LM, 27 as mixed
subtype, 8 as GLA, and 1 as GSD (Table 3).
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Table 3 Classification of mediastinal lymphatic malformations

Pathological classification

Cystic 56
Cavernous 7
Mixed 16
Unknown 8
ISSVA classification

Common (Cystic) LM 51
Mixed subtype LM 27
GLA 8
GSD

LM lymphatic malformation, GLA generalized lymphatic anomaly,
GSD Gorham-Stout disease

Table 4 Symptoms of mediastinal lymphatic malformations

None 56
Abnormal X-ray findings 31
Abnormal findings other than X-ray 25

Yes 31 (14)
Respiratory distress 15 (7)
Stridor 9(3)
Dysphagia 312
Fluid 4 (3)
Edema/hydrops 2(D)
Cough/sputum 2(D)
Fever 2(1)
Pain/compression 2(0)
Others 42

(): Number of prenatally diagnosed cases

Symptoms and tracheostomy

The lesion was found without any accompanying symptoms
in 56 cases (64%), while in 31 cases, the lesion was found
based on symptoms such as respiratory distress (15), stri-
dor (9), pleural fluid (4), dysphagia (3), edema/hydrops (2),
cough/sputum (2), a fever (2), pain/compression (2), and
other symptoms (4) (Table 4). Eleven patients were consid-
ered to have had symptoms due to airway obstruction.

A tracheostomy had been placed in 23 cases (20%) when
most (20/23; 87%) were <2 years of age (Table 5). Nine-
teen patients required a tracheostomy after they had suffered
from airway obstruction (83%), while 4 had had no obstruc-
tive symptoms. The reasons for tracheostomy placement in
cases without any prior obstructive symptoms included acute
swelling due to hemorrhaging and the prevention of respira-
tory compromise before therapy (Table 6). Eleven patients

Table 5 Age at tracheostomy

Tracheostomy placed 23
Day of birth 2
<1 year 11
1-2 years 7

5 years
7 years 1
Unknown 1
No tracheostomy 62
Not mentioned 2

Table 6 Causes of tracheostomy

Airway obstruction before tracheostomy 19
No obstruction before tracheostomy 4
Acute swelling due to bleeding 1
Prevention from compromise 2
Unknown 1

who had had a tracheostomy placed had it closed once they
were older (at 2—11 years of age; data not shown).

Tracheostomy and the extent of the lesions

The questionnaire asked whether or not the lesion con-
tacted the airway at seven anatomical levels based upon
radiological 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. 2). It also included questions regarding the
degree to which the lesion circumscribed the airway at
each anatomical level it contacted: less than a quarter, a
quarter to half, half to three quarters, three quarters to
total, and totally circumferential.

The lesion contacted the airway in all patients (except
for 3 without imaging studies) who required a trache-
ostomy, while contact was made in only about half of
those who did not require a tracheostomy (34/64; 55%)
(Table 7). On comparing the extent of airway contact of
the lesion based on the presence of a tracheostomy, the
longer the anatomical level involved, the higher the rate of
tracheostomy requirement, although not to a statistically
significant degree (Fig. 3).

Treatment for mediastinal LM

In 29 cases, treatment for mediastinal LM was attempted by
39 procedures in total. The treatment modalities included
total or partial excision, sclerotherapy, drainage, aspiration,
and others. Those adopted in each age group are summarized
in Table 8. Sclerotherapy was the most frequent procedure
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Table 7 Tracheostomy and airway contact

Tracheostomy Airway contact (+) Airway
contact
=)

Required (n=20) 20 0

Not required (n=64) 34 30

(P <0.05; significant difference)

No of Cases

20

18
16 M Tracheostomy +

14 Tracheostomy-
12

oON D O ®
’

R n m
1 2 3 4 5 6
length of contact

Fig. 3 Tracheostomy and length of contact

adopted. Excisions were attempted in ten cases—via ster-
notomy in six, lateral thoracotomy in three, and endoscopy
in one.

Among 56 cases found without any symptoms, 16 had
been treated by the time of survey. When they were treated,
12 were described as asymptomatic at the time. For these
12 cases, 15 procedures were attempted, and the approaches
adopted in each age group are summarized in Table 9.

Treatment outcomes and complications

After treatment, symptom relief was said to be obtained
in 22/29 cases, unchanged in 5, and even exacerbated (or
new symptoms appeared) in 2 cases (1 each with GLA and
cystic LM). There were no residual lesions in 6/29 cases,
but in 21 cases, the lesions remained despite therapy and
even grew in 1 case with mixed type LM. Complete resec-
tion was achieved in only 1 out of 10 attempted excisions
(Table 10).

The complications after treatment were described in 8
of the 29 treated cases and included chylothorax, hemor-
rhaging, nerve palsy (phrenic nerve, recurrent nerve and
facial nerve), and infections. Among the 12 asymptomatic

Table 8 Treatment for mediastinal lymphatic malformation: age and modality

Age Total excision Partial excision Sclerotherapy Drainage Aspiration Others Unknown Number
of cases

Prenatal 0 0 0 0 0 0 1 1

<1 month 0 0 3 1 4 0 0 5

<1 year 1(sl) 2 (sl,tl) 4 2 1 1 (pleural adhesion) 0 8

1-5 years 2 (s1,tl) 2 (tl,el) 4 3 0 1 (proplanolol) 0 10

Adult 0 0 0 1 0 1 (proplanolol) 0 2

NS 1(s1) 2 (s1,tl) 1 0 1 0 0 3

Number of procedures 4 (s3,t1) 6 (s2,t3,el) 12 7 6 3 1 29 cases
39 proce-

dures

s via sternotomy, ¢ via thoracotomy, e by endoscopy, NS not specified

Table 9 Treatment for asymptomatic mediastinal lymphatic malformation: age and modality

Age Total excision Partial excision Sclero- Drainage Aspiration Others Number

therapy of cases

<1 month 0 0 1 0 2 0 2

<1 year 0 0 1 0 0 0 1

1-5 years 2 (s2) 2 (sl,el) 2 1 0 0 6

Adult 0 0 0 0 0 1 (proplanolol) 1

NS 0 1(tl) 1 0 1 0 2

Number of procedures 2 (s2) 3 (sl,tl,el) 5 1 3 1 12 cases
15 proce-

dures

s via sternotomy, ¢ via thoracotomy, e by endoscopy, NS not specified

@ Springer



Surgery Today (2018) 48:716-725 721
Table 10 Treatment outcomes Table 12 Long-term sequelae (as effects on the everyday life)
Symptoms Effect on the Treatment (+) Treatment (—) Total
everyday life - -
Symptoms Relieved 22 (8) Complica-  Complica-
Unchanged 503) tion (+) tion (-)
Exacerbated or new symptoms 2(D) None 42 16 46 66
Residual disease Mild 2b 1 2
Moderate 2°¢ 1 6
None 6@ Severe 1¢ 2 2
Yes 21 (9
© @ ot 9 20 56 85
Exacerbated 1
Unknown 1(1) #Chylothorax, infection
. 5Chylothorax, hemorrhaging
(): Number of asymptomatic cases
“Nerve palsy
4Hemorrhaging
Table 11 Post-therapeutic complications
Chylothorax 2 Table 13 Cases with lymphatic malformation confined to the medi-
Hemorrhaging 2(1) astinum
Phrenic nerve palsy 1 Age at the diagnosis
Recurrent nerve + Facial nerve palsy 1(1) Age Number
Infections (mediastinitis, SSI) 2 of cases
(): Number of asymptomatic cases Prenatal 7 (6)
<1 month 2(1)
1-12 months 1(0)
cases treated, 2 were complicated with hemorrhaging and  |_5 years 6 (4)
nerve palsy (Table 11). There were no deaths related to  ¢_j5 years 202)
therapy, although one patient died of GLA despite multi-  {jn0wn 2(1)
modal treatments. Treatment

Long-term effects

The questionnaire asked about the degree to which the
patient’s everyday life (at the time of the survey) was affected
due to the lesion. Most of them (66/85; 76%), including 20
cases who had undergone treatment for mediastinal lesions,
reported no inconvenience in their daily life. However, 9 out
of 29 cases treated were said to have had their lives some-
what affected, including 3 who found their lives severely
impaired. Of the 8 cases with complications after treatment,
2 with nerve palsy after excision reported having their lives
impaired moderately (Table 12).

LMs confined to the mediastinum

Twenty registered patients with LM confined to the medi-
astinum were analyzed (Table 13). Seven cases were prena-
tally diagnosed, and 14 were asymptomatic when the lesion
was found. Excision was attempted in two cases, but more
conservative therapeutic modalities were selected for the
other six cases. The LM lesion remained after treatment in
five out of the eight cases treated (data not shown).

Total excision (via sternotomy)
Partial excision (endoscopic)
Sclerotherapy

Drainage

Aspiration

—_ N W W = =

Pleural adhesion

(): Number of asymptomatic cases

Literature search for LMs confined to mediastinum

As a result of the search, the first reported case was found in
a German paper by Schmincke in 1920 [6], and 100 pediatric
cases were ultimately collected. Many had been previously
reviewed by Moore et al., Takamatsu et al., and Niho et al.
[7-9].

The distribution of the age at the diagnosis and the symp-
toms are shown in Table 14. Thirty cases were diagnosed
when they were < 12 months. The anterior and superior
mediastinum were the most frequently occupied regions
(77/100) (data not shown), and respiratory distress was
the most frequent symptom at the onset, being noted in 32
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Table 14 Reported cases with lymphatic malformation confined to
the mediastinum

Age at the diagnosis

Age Number
of cases

Prenatal 11 (5)
<1 month 6 (0)
1-12 months 13 (1)
1-5 years 38 (9)
6-15 years 32 (15)
Total 100 (30)

Symptoms

None 30

Yes 69
Respiratory distress 32
Fever 24
Pain/compression 16
Swelling/mass 14
Cough/sputum 11
Stridor 7
Fluid 6
Cyanosis 5
Hoarseness 3
Others 5

Not mentioned 1

(): Number of asymptomatic cases

cases, followed by a fever in 24, pain in 16, and cough/spu-
tumin 11. A variety of presentations were noted, including
chest wall mass/swelling, stridor, fluid collection, cyanosis,
neck/axillar swelling, hoarseness, and others. Of the 11 pre-
natally diagnosed cases, 2 presented with fetal hydrops [10,
11], and 4 were asymptomatic after birth [10-12]. Thirty
cases were found incidentally. The number of asymptomatic
cases increased with age: 6/30 (17%) among infants, includ-
ing prenatally diagnosed ones, 9/39 (23%) among toddlers,
and 15/32 (47%) among school-aged children.

Surgical excision was the initial treatment in 84 cases,
and 3 underwent excision after sclerotherapy. Sclerotherapy
in nine cases, prenatal aspiration in two [11, 12], and pleu-
rodesis and octreotide in one each were attempted.

Three fatal cases were reported, including the first
1 described in 1920 [6] and 2 from Japan with short
descriptions; 1 was a neonate who died after sclerother-
apy [13] and the other was a 12-year-old boy who died
after recurrence due to an overwhelming streptococcal
infection [14].

Fourteen cases developed complications after treat-
ment. Six suffered from phrenic nerve palsy (one also with
recurrent nerve palsy), and chylothorax or pleural effu-
sion occurred in six cases [7, 8, 11, 13, 15, 16]. Cases with
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complications accounted for 5 of 27 (19%) neonates/infants,
6/39 (15%) toddlers, and 3/32 (9%) school-aged children.

Treatment for the 29 patients without any symptoms,
including those prenatally detected, was surgical resection,
except for 3 who received fetal intervention and/or sclero-
therapy. Among them, phrenic nerve palsy and chylothorax
occurred in two out of eight cases after surgery. Ono et al.
described a case that was observed without any intervention
after prenatal detection of the LM [17].

Discussion

The prevalence of LM is reportedly 1-3 in 10,000 live
births, and it is common in the neck and axilla, with 10%
of cases showing mediastinal extension [1]. Our nationwide
survey in Japan and thorough document retrieval allowed us
to accumulate reported pediatric cases of mediastinal LM
with or without lesions at other sites. Cases with medias-
tinal LM comprised 87 of the 606 (14.3%) surveyed cases
with head and neck lesion that might influence the airway.
Patients with LM confined to the mediastinum have been
reported to account for < 1% of cervical cases [3-5]. In this
survey, there were 20/606 (3.0%) cases with LM confined
to the mediastinum, accounting for 1.1% (20/1718) of all
registered LM cases, which indicates that this is indeed a
rare entity.

LMs are not exactly neoplasms, and they account for
only a few cases among mediastinal masses (0.7%-4.5%)
[18, 19]; indeed, only 10 LM cases were found among 150
(6.7%) mediastinal mass lesions based on a questionnaire
administered by Yano et al. [20]. Regarding the number of
cases in the total population, only 2 cases were identified
after a health checkup by chest X-ray for 212,708 preschool
children, indicating a prevalence of 0.9 per 100,000 [21].

The mediastinal LMs in the cases detected in the survey
and literature search were mostly located in the anterior and/
or superior mediastinum, regardless of the presence of LM at
other sites. Mediastinal lesions tend to develop near the neck
and face. Embryologically, the lymphatic network develops
from or around the five sites of lymphatic anlage, including
the jugular lymph sac in humans [22, 23]. LMs may also
develop as a result of sequestration of portions of the primi-
tive lymphatic anlage [23]. Given that LM most commonly
develops in the facio-cervical region, with the anterior and/
or superior mediastinum located near the jugular lymph sac,
mediastinal lesions tend to develop in this portion of the
thoracic cavity.

These lesions can occupy the thoracic cavity or outlet
and compress the airway, and they are also susceptible to
infection; as such, they can cause a variety of respiratory
distress symptoms due to airway obstruction. Malfunction of
the lymphatic drainage can result in pleural effusion/ascites
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or hydrops fetalis [10, 11]. When cystic hemorrhaging or
infection occurs, it causes swelling, chest pain, neck/axillar
swelling, hoarseness, and even superior vena cava syndrome
[24, 25].

Superficial LMs are easily noticed soon after birth, and
LMs located at the mediastinum can be detected by further
studies for head and neck LMs. Our survey data showed that
LMs were most frequently found prenatally, suggesting that
these lesions are easily detected by fetal ultrasonography in
Japan. When LMs involve the mediastinum, some patients
present with symptoms soon after birth, especially when the
lesions also involve the head and neck region. Some reported
cases had symptoms as early as the neonatal period, even
when the lesion was confined to the mediastinum. Even in
cases where the lesion cannot be seen from the outside, it
can cause symptoms and respiratory failure in early infancy,
which necessitates intensive care.

When a patient with LM suffers from airway obstruc-
tion, airway management, including the placement of a
tracheostomy may be warranted for relief. In the surveyed
patients who required a tracheostomy, it was typically placed
at <2 years of age. However, it should be noted that only 20
of the 87 cases required a tracheostomy, and 11 had their tra-
cheostomy closed afterwards. Ex utero intrapartum therapy
(EXIT) has been introduced in prenatally diagnosed patients
with potential airway obstruction after birth, and LM is a
disease indicated for EXIT; and a tracheostomy is, there-
fore, the final option for securing the airway during EXIT
[26, 27].

Our survey and literature search revealed some cases
detected incidentally, either pre- or postnatally. The number
of reported asymptomatic cases increased with age, with
the distribution showing that incidental discovery coincides
with the timing of routine health checkups (either by ultra-
sonography or chest X-ray). Although many cases have been
discovered by fetal ultrasonography, there have been reports
of spontaneous regression of the cystic mass in the medi-
astinum [28]. There may, therefore, be some patients with
mediastinal LM in whom the lesion remains part of their
body, causing no impairment and remaining undetected.

We must consider the indications for tracheostomies
in patients with LMs that can potentially cause airway
obstruction. The results show that all surveyed patients who
required a tracheostomy had lesions in contact with airway,
and that the longer the extent of airway contact with the
lesion, the more often a tracheostomy was required, albeit
not to a statistically significant degree. This may suggest
that EXIT is indicated for prenatally diagnosed patients with
LMs that might compromise the respiration after birth based
on the extent of contact. We may also be able to predict the
need for tracheotomy to prevent respiratory distress before
therapeutic intervention. Further studies will be required to
resolve these questions.

The goal of LM treatment is the maintenance and recov-
ery of the functional and aesthetic integrity. One currently
available therapeutic modality other than surgical resection
is sclerotherapy using agents such as OK-432, bleomycin,
doxycycline, and ethanol [29]. The treatment modalities
applied in the accumulated cases were varied, as shown in
Tables 8 and 9. In cases of LM confined to the mediastinum,
there is no cosmetic backwash. As such, the indications for
its treatment are solely for symptom relief, when symptoms
are present. If mediastinal LM causes severe symptoms and
is invasive, complete resection to prevent recurrence may
be performed to relieve the symptoms [7, 8, 11, 13, 15, 16].

In 29 registered cases, various treatments for mediastinal
LM were attempted across 39 procedures in total, including
12 cases without any symptom at that time (Tables 4, 5).
Excision was attempted in 10 out of 29 cases. In most of
the reported cases, surgical resection was selected as the
initial treatment. It is speculated that, since the introduction
of sclerotherapy, surgical resection has been selected as the
treatment modality less frequently.

While treatment can achieve symptom relief, the lesion
remained even after attempted resection in most registered
cases. Complications after treatment included chylothorax,
hemorrhaging, nerve palsy, and infections, all of which were
postoperative. Acute complications, such as chylothorax or
infection, only affect patients temporarily, but it was sug-
gested by the survey that complications such as nerve palsy
might influence the long-term quality of life among patients.
Whether or not these complications were truly responsible
for patients’ decreased quality of life was unclear, since we
did not ask the reason for the inconvenience. However, our
review on LM confined to the mediastinum showed that the
younger the patient, the higher the morbidity rate. We should
bear in mind that surgical resection can result in long-term
complications along with surgical scarring.

In cases with no or few symptoms, non-surgical treatment
should be sought, as the complication rate tends to be high
otherwise. Regarding alternative options, lesions are known
to become swollen after sclerotherapy, and the effect of such
therapy on the airway is a concern. Side effects of the scle-
rosing agents bleomycin and doxocicline have been reported
[29, 30]. There is an interesting case report in which Kampo
medicine was effective in shrinking an intractable LM [31],
but further evidence for its efficacy is necessary. Surgical
resection should be attempted with well-informed consent,
especially regarding postoperative sequelae, due to potential
long-term complications.

We recommend that prenatally detected LMs be followed
up after birth without treatment if they are asymptomatic.
Surgical intervention should be avoided in pediatric cases
with few or no symptoms suggested by imaging studies to
be LMs.
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In conclusion, our analysis of nationwide survey data of
mediastinal LM with or without head and neck lesion in
Japan and literature review of pediatric cases with LM con-
fined to the mediastinum has shown that, while mediastinal
LM is congenital in nature and can cause life-threatening
symptoms in infancy along with associated head and neck
LM, it may not provoke any symptoms into adulthood. A
tracheostomy may be warranted to relieve airway obstruc-
tion due to LM, including an EXIT procedure for prenatally
diagnosed patients. In children with severe symptoms, a tra-
cheostomy might be required for symptom relief, and surgi-
cal resection may be the only therapeutic option. However,
in cases with no or few symptoms, non-surgical treatment
should be considered, as the likelihood of postoperative
complications is relatively high. We also need to consider
under what conditions LM may compromise the airway and
whether or not a tracheostomy is truly required. Further stud-
ies will be needed to resolve these issues, and more analy-
ses of the accumulated data of patients with LM that might
influence the airway are in progress.
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of sclerotherapy for facial microcystic LMs. As complications characteristic of
sclerotherapy, serious impairment may be caused by leakage of the sclerosing agent
(ethanol, in particular), and this point needs attention. Based on the above observations,
it is difficult at present to evaluate indications for sclerotherapy against microcystic
LMs by formulating criteria. Therefore, for the future, it is considered necessary to

evaluate the usefulness of sclerotherapy addressed by this CQ by designs such as RCT.

CQ25: Is sclerotherapy effective for intra-abdominal LMs?

Recommendation:

Although there are many reports that sclerotherapy is useful, there is the risk of
complications, and careful judgments about matters including the resectability of the

lesion and selection of the sclerosing agent are necessary.

Strength of recommendation 2 (weak)
Evidence D (very weak)
Comments

[Process of preparation of recommendation]

LMs are the most frequent lymphatic vessel disorders of the abdomen. Intra-
abdominal lesions are estimated to account for 10-20% of all LMs, and the selection of
treatment is difficult depending on the site of the lesion. While surgical resection is
expected to be effective, less invasive treatments are considered desirable in view of
stress to the patient and the possibility of severe complications such as lymphatic fluid

leakage and bowel obstruction. Sclerotherapy, which is a major treatment for LMs, is



considered to be less invasive than surgery. Although positive therapeutic effects are
expected, sclerotherapy is known to induce marked inflammation. And whether it can be
performed safely without negative effects including complications and its long-term
effects are major clinical concerns. In addition, what therapeutic effects are expected or
what complications should be anticipated after sclerotherapy for the intra-abdominal
lesion is also unclear. Therefore, the CQ, “Is sclerotherapy effective for intra-abdominal

LMs?”, was formulated, and knowledge available at present was compiled.

<Literature search and screening>

As a result of literature search, 19 papers in Japanese and 38 papers in English
(32 from PubMed, 6 from Cochrane) were subjected to primary screening. Of these
papers, 2 in Japanese and 9 in English were subjected to secondary screening
concerning this CQ. They included no papers with a high level of evidence, such as
systematic reviews and RCTs, and all were case series or case reports. Consequently, the

results and discussion in each case series were integrated in the evaluation of this CQ.

<Review of observational studies (case series)>

The literature concerning the effectiveness of sclerotherapy for intra-abdominal
LMs was reviewed from the viewpoints of (1) therapeutic effects (decrease in lesion
size, symptoms) and (2) complications.

The drugs used for sclerotherapy ranged widely from OK-432 to bleomycin,
ethanol, doxycycline, STS (sodium tetradecyl sulfate), acetic acid, steroid/tetracycline,
and 50% glucose solution. According to our review, there was no paper that evaluated

the differences in effectiveness of sclerotherapy in the abdomen according to the drug



type or administration method or number of administrations of each drug.

Results of review
(1) Therapeutic effects
A. Regression rate of the lesion

Regression of lesions of intra-abdominal LMs by sclerotherapy was mentioned
in 5 papers.?7-315-318 According to the report by Chaudry et al.,>!® the reduction rate was
>90% in 7 and >20% in 1 of the 10 patients with LMs of the mesentery and
retroperitoneum treated with doxycycline, and evaluation using imaging examination
was not performed in 2 cases. The patient who showed a low regression rate had a
mixed type of cystic and cavernous lymphangiomas, and the other patients had cystic
lesions. Oliveira et al. reported that the lesion regressed by 70% in 1 of the 2 patients
with cystic lymphangiomas treated with OK-432.3'¢ Won et al. reported 1 patient who
showed complete disappearance of cystic retroperitoneal lesions after sclerotherapy
using acetic acid.’!” Shiels et al. reported that cystic lesions responded to sclerotherapy
using STS and ethanol in 2 patients, but there was no mention about the reduction
rate.>!® However, according to Algahtani et al., no effect was observed in 10 patients

who underwent sclerotherapy using steroid/tetracycline or 50% glucose solution.?%’

B. Symptoms
There were 3 papers that referred to symptoms of patients treated by
sclerotherapy for intra-abdominal LMs, 313316

According to Chaudry et al.,>" of the 10 patients who underwent sclerotherapy,

3 had chronic abdominal pain, 3 had acute abdominal pain, 1 had fever/chill, 1 had



anemia, and 2 had palpable masses, but the symptoms were alleviated by treatment in
all patients, and no recurrence was noted.

Oliveira et al. reported that sclerotherapy was performed in a patient with a
palpable mass and in one with a palpable mass, abdominal compartment syndrome, and
a poor general condition. While the condition was alleviated in the patient who only
showed a palpable mass after 2 courses of OK-432 sclerotherapy, but the treatment was
changed to surgery in the patient who had abdominal compartment syndrome because of

enlargement of the mass due to intracystic hemorrhage.?!®

(2) Complications

Three papers specifically mentioned complications of sclerotherapy for intra-
abdominal LMs. There was no report of deaths due to treatment-related complications.
Oliveira et al. treated 3 patients by sclerotherapy using OK-432 and reported that one of
them developed subbowel obstruction after the treatment and another required
emergency surgery due to exacerbation of abdominal compartment syndrome induced
by intracystic hemorrhage.®!® Chaudry et al. reported that doxycycline used for
sclerotherapy leaked into the retroperitoneal space in 1 of the 10 patients but that the
lesion regressed without any particular problem.?!> Won et al. performed sclerotherapy
using acetic acid in 1 patient with retroperitoneal cystic lymphangioma. Although pain
and hematuria were observed, they concluded that the relationship of hematuria with the

therapy was unclear, because it was observed during menstruation.’!”

Limitations

Sclerotherapy was often performed before, after, or during surgical resection,



and papers that reported the results of sclerotherapy alone were few. There was no paper
that directly compared observation without treatment, sclerotherapy, and surgical
resection. Few papers analyzed intra-abdominal lesions alone, and many papers
included lesions in other areas or evaluated lesions in different intra-abdominal regions
including the mesentery, retroperitoneum, and viscera collectively.

Moreover, differences in properties of LMs, such as cystic, cavernous, and
mixed types, their definitions, criteria for the selection of sclerotherapy (combination
with surgery, types of sclerosing agents and methods of their use, number of
administrations, etc.) varied among papers, and few papers evaluated these matters
separately.

Such differences in the patient background and contents of treatment must be
considered in evaluating the effectiveness of sclerotherapy. In evaluating this CQ,

particularly, differences in morphology of LMs and sclerosing agents were excluded.

<Summary>

The CQ, “Is sclerotherapy effective for intra-abdominal LMs?” was evaluated
from the viewpoints of therapeutic effect, symptoms/functions, and complications, but
no paper with a high level of evidence was found. While sufficient regression of the
lesion and alleviation of symptoms were achieved by sclerotherapy in some patients, the
response rate varied among reports, and information was insufficient for general
discussion of sclerotherapy. Concerning treatment-related complications, there have
been reports of bowel obstruction associated with sclerotherapy, and attention to this
condition as well as intracystic hemorrhage is considered necessary. However, there was

no report of chylorrhea, which was reportedly caused by surgery.



Based on the above observations, it is presently difficult to determine
indications for sclerotherapy in intra-abdominal LMs by setting up criteria, but as there
was no literature that strongly denied intra-abdominal LMs as indications of
sclerotherapy, this guideline proposes, “Although there are many reports that
sclerotherapy is useful, there is the risk of complications, and careful judgments about
matters including the resectability of the lesion and selection of the sclerosing agent are
necessary.” For the future evaluation of this CQ, validation by a design with a high level

of evidence, such as RCT, is considered necessary.

CQ26: Are patients with scarcely symptomatic intra-abdominal LMs recommended to
be treated?

Recommendation:

Since there is risk of treatment-related complications, it is proposed to consider

therapeutic intervention when the lesion tends to enlarge or has become symptomatic.

Strength of recommendation 2 (weak) Evidence D (very

weak)

Comments
[Process of preparation of recommendation]

Intra-abdominal LMs occasionally present with severe symptoms such as
abdominal pain, giant mass, and bowel obstruction but may also be asymptomatic and
detected incidentally. Lesions may gradually enlarge and cause serious symptoms due to

infection and intraluminal hemorrhage.



Under such circumstances, whether or not patients with nearly asymptomatic
intra-abdominal LMs should be aggressively treated, when they should be optimally
intervened during their long follow-up period, etc., are major problems that pose clinical
dilemma. Therefore, the CQ, “Are patients with scarcely symptomatic intra-abdominal
LMs recommended to be treated?”, was formulated, and knowledge available at present

was summarized.

<Literature search and screening>

As a result of literature search, 206 papers in Japanese and 237 papers in
English (230 from PubMed, 7 from Cochrane) were subjected to primary screening. Of
these papers, 6 in Japanese and 9 in English were subjected to secondary screening
concerning CQ 26. They included no study with a high level of evidence, such as a
systematic review or RCT, and many of them were case series or case reports. Since 7
papers among them described asymptomatic LMs, their results and discussions were

integrated to answer the CQ.

<Review of observational studies (case series)>

Seven papers among reviewed literature described about asymptomatic
LMs 3135,316,319-323 Fifteen cases reported in these papers were considered to have
actually presented few symptom (including asymptomatic patients who were
incidentally detected by imaging studies to have intra-abdominal masses at the sites as
greater omentum, mesentery and retroperitoneum).

The literature was screened, and papers addressing issues concerning

therapeutic intervention for scarcely symptomatic intra-abdominal LMs including



“What symptoms they may present with if they are left untreated?”, “By what studies
and how often should they be examined?”, and “What other treatments are available and

how serious are complications or risk of each treatment?”” were reviewed.

Results of review

From the literature reviewed, symptoms of intra-abdominal LMs (abdominal
pain, bowel obstruction, torsion, infection, hemorrhage, vomiting/sucking difficulty,
frequent urination and abdominal mass*!-*%) are considered to be dependent on factors
such as site, size and age. It is desirable to determine risk factors by stratification of
319,321,324

these factors in the future.

Reported complications in treated cases include recurrence that required re-

316,322,323 323,325

treatment,>?° bowel obstruction, chylous ascites, embolism,3'°
hemorrhage3'¢ and wound infection. Embolism of the inferior vena cava after surgery?!®
and abdominal compartment syndrome after adhesion therapy?!® were reported as severe
complications. It deserves special attention that, if surgical resection is selected for
mesenteric LMs, the intestine may have to be resected with the lesion.3%

While there have been reports that intra-abdominal LMs with few clinical
symptoms regressed during follow-up,*!?-32! they may become symptomatic later (as
observed in many case reports). For that reason, the opinion that intervention should not

been chosen during the follow-up until the lesion enlarges or new symptoms appear was

frequently described.

Limitations

It should be noted that many asymptomatic cases can possibly be left



unreported and some asymptomatic lesions that are detected were treated. There is no
study with a high level of evidence indicating explicit criteria concerning the age, site or
situation about whether or not intervention should be made for asymptomatic intra-

abdominal LMs.

<Summary>

The necessity of treatment of a patient with intra-abdominal LMs with few
symptoms should be determined after evaluating the balance between the risk of
treatment and non-treatment considering its site and size as well as patient age.
However, since research on indications for treatments has been insufficient so far and
serious complications after treatment have been reported, deliberate evaluation for each
patient is mandatory. When observation is selected, periodic imaging studies are
recommended to optimize therapeutic intervention by detecting enlargement of the
lesion. And also if any symptom has developed during follow-up, intervention should be
considered. For these reasons, the recommendation, “Since there is risk of treatment-
related complications, it is proposed to consider therapeutic intervention when the

lesion tends to enlarge or has become symptomatic.” was adopted.

CQ27: What are treatments effective for refractory chylous ascites?
Recommendation:

Conservative treatments, such as fasting, high-calorie infusion, and medium chain
triglyceride (MCT), should be performed first, but, if they are ineffective, drug

treatment, sclerotherapy, and surgery may also be considered.



Strength of recommendation 2 (weak)

Evidence D (very weak)

Comments
[Process of preparation of recommendation]

Refractory chylous ascites causes loss of large amounts of protein and
lymphocytes, decreases in the blood lipid levels, and abdominal pain, unpleasantness,
and dyspnea due to abdominal distention and markedly reduces the patient quality of
life (QOL). The cause of ascites often remains unknown. Treatment of chylous ascites
may require drainage to avoid abdominal distention. It is a very important point for
clinicians to make proper judgments by understanding treatments and their effects and
demerits. Therefore, it is considered beneficial to collect information about chylous
ascites over a long period and compile guidelines. For this purpose, the presently
available knowledge was collected by formulating the CQ, “What are treatments

effective for refractory chylous ascites?”’

<Literature search and screening>

As aresult of search, 161 papers in Japanese and 728 papers in English (564
from PubMed, 164 from Cochrane) were subjected to primary screening. Of these
papers, 15 in Japanese and 12 in English were subjected to secondary screening for CQ
27. They included none with a high level of evidence, such as systematic reviews and
RCTs, and consisted of 1 multicenter and 2 single-center case series and case reports.
Consequently, we used the results and discussion of 27 papers judged for the

preparation of the draft recommendation were integrated although evidence was



insufficient for the evaluation of this CQ.

<Review of observational studies (case series)>

As for causes of chylous ascites, congenital chylous ascites,>?6-34! idiopathic

327 342-345 344

chylous ascites,”*’ chylous ascites after laparotomy, protein-losing enteropathy,

LMs, 346347 lymphangiectasis,>*® 3% lymphangiomatosis,>>? 3!

and lymphatic
dysplasia*>? were reported. None of the papers evaluated treatments according to the
cause.

When treatments are categorized, conservative treatments (fasting, high-calorie

infusion, medium chain triglyceride (MCT)), drug treatments, sclerotherapy, and

surgical treatment were performed.

Results of review

The results of review are presented below according to the treatment.
(1) Conservative treatments

Whether or not the amount of ascites changes by fasting should be checked
first.

High-calorie infusion is often used with fasting, and since there was no report
that ascites increased under the effect of high-calorie infusion according to our review, it
is recommended for nutritional support during fasting. In the multicenter case series
reported by Bellini et al., high-calorie infusion/total parenteral nutrition was performed
in 15 patients without adverse effects.?2¢

MCT was used before, after, and during treatment, 326327, 329-334, 336, 338-340, 342, 344,

345,347-351 T the multicenter case series by Bellini et al., MCT was reportedly performed



in 14 patients without adverse effects.32¢

(2) Drug treatments

In drug therapy for chylous ascites, primarily octreotide (a long-acting
somatostatin analogue) was used, and no report that discussed the effectiveness of other
drug therapies was found by the present literature search.

In the multicenter case series by Bellini et al., octreotide was administered to 6
of the 16 patients with chylous ascites for 8-38 days, and a decrease in chylous ascites
was reported in all of them.3?® In the single-center case series by Huang et al., 2 of the 4
patients with chylous ascites treated by high-calorie infusion and octreotide
administration were reported to have shown a decrease in ascites within 10 days.*
However, there has been a report that no effect was observed despite the administration
of octreotide for 3 weeks.*?* Concerning the dose of octreotide, it was administered at 1
ug/kg/h,*6 at 3 ug/kg/h,>*! began to be administered at 0.5 pg/kg/h and increased to 10
ug/kg/h by 1 ug/kg/h,32® administered by continuous intravenous infusion at 0.5-2.0
ug/kg/h,*3? and began to be administered by subcutaneous injection at 2.5 pg/kg 2
times/day and increased every 2 days to 8 pg/kg 2 times/day.*?* Regarding the time of
the beginning of administration, the administration was started as no improvement was

329,333 and as

observed in chylous ascites after conservative treatments for 2 weeks,
chylous ascites was alleviated by conservative treatments but was exacerbated again.*3?
No adverse effects of octreotide administration were noted in the present review of the
literature. Thus, no control study that evaluated the effect of octreotide on chylous

ascites was found by the present literature search, and the level of evidence concerning

the efficacy is low, but as there are case series and many case reports that chylous



ascites was reduced by octreotide administration, it appears reasonable to consider drug
treatment using octreotide for chylous ascites that does not respond to conservative

treatments.

(3) Sclerotherapy

Sclerotherapy was performed in 6 patients in 5 case reports, 338> 346,348,350, 351
The sclerosing agent was OK-432 in 5 of the 6 patients and was Beta-Isadona-solution
in 1.3 OK-432 was locally injected into the lesion in 4,346:35%-351 gdministered
intraperitoneally in 1,%*! and administered via the drain in 2.3*¢-33! Concerning

sclerotherapy, the number of reported cases that could be reviewed was limited, and

further accumulation of cases is considered necessary to establish its usefulness.

(4) Abdominal drainage, abdominal puncture, and surgical treatment

Abdominal drainage and abdominal puncture are performed when organ
compression symptoms (compartment syndrome and respiratory insufficiency) due to
abdominal distention are present or possible or when the drain is inserted
postoperatively. However, drainage itself cannot improve chylous ascites, and
treatments, such as infusion, blood preparations, and blood transfusion, are necessary to
supplement the ascites lost due to drainage.326, 329-332, 336-339, 342, 344-346, 348, 350, 351

Surgical treatment is reported to be frequently performed after conservative or
drug treatments. According to the single-center case series by Zeidan et al., surgical
treatment was performed in patients who responded poorly to conservative treatments
continued over a mean of 25.3 days.>*? In other reports, surgical treatment was

327,328

performed after conservative treatments continued for 1-3 months and in patients



with congenital chylous ascites 1-4 months after birth.3% 333:349 Since it is often

impossible to identify the leakage site of chylous ascites,*?’

attempts to identify the
leakage site by orally administering a lipophilic dye (Sudan black, Sudan III) before
operation, 327-328.335.342 When the leakage site can be identified, ligation, suturing,
clipping, and cauterization have been performed.3?7- 333:335.342.349 Ty addition to reports
of the usefulness of techniques to stop leakage, such as applying or sprinkling fibrin

glue at the leakage site of chylous ascites or over the surrounding retroperitoneum?328: 33%-

342,349 t 330,
b

and applying a patch of oxidized cellulose/resorbable local hemostatic agen

348,352 and

342 there have also been reports of peritoneovenous shunting
peritoneoamniotic shunting for fetal cases.’

There was no large clinical study in the past literature. Therefore, although the
level of evidence is low, we consider that surgical treatment is recommendable for
chylous ascites that does not respond to conservative or drug treatments, because it has
been performed in case series and case reports for chylous ascites that did not respond
to conservative or drug treatments continued over about 1 month. Although techniques
to enhance the response rate of surgical treatment, such as identifying the leakage site
by using a lipophilic dye and applying fibrin glue or a patch of oxidized
cellulose/resorbable local hemostatic agent, have been attempted, there are only case

series and case reports, and none of the papers retrieved by the present literature search

evaluated their usefulness.

Limitations
There was no literature that defined refractory chylous ascites based on the

duration of illness or treatment responses. Therefore, we extracted and summarized



factors that were considered to contribute to clinical refractoriness, such as the duration
of illness and treatment responses, in each paper related to the treatment for chylous
ascites. Also, as the cause of chylous ascites varies widely, the therapeutic effect is
expected to differ depending on the cause, but no paper that could be reviewed
evaluated treatments according to the cause. Therefore, in the present evaluation, the

statements are limited to treatments and their effects regardless of the cause.

<Summary>

It was difficult to comprehensively discuss treatments, because its cause varied
widely, and treatments for various causes were performed. Therefore, treatments were
classified into conservative treatments (fasting, high-calorie infusion, MCT), drug
treatments (octreotide), sclerotherapy, abdominal drainage, abdominal puncture, and
surgical treatment, and the effects of each treatment were evaluated.

Treatments effective for refractory chylous ascites can be summarized as
follows with the understanding that they may depend on the cause and that the level of
evidence of the available reports concerning treatments and their effects is low.
Conservative treatments, such as fasting, high-calorie infusion, and MCT, should be
performed first because of the rareness of adverse effects. In patients who respond
insufficiently to conservative treatments, drug treatments using octreotide can be
considered as there have been case series and many case reports. Concerning
sclerotherapy, the number of reported cases is small, and further large clinical studies
will be needed to confirm its usefulness. Abdominal paracentesis and surgical
treatments may be considered for chylous ascites that does not response to conservative

or drug treatments continued for about 1 month.



Thus, the draft recommendation is “Conservative treatments, such as fasting,
high-calorie infusion, and MCT, should be performed first, and, if they are ineffective,
drug treatments, sclerotherapy, and surgical treatments may be considered.” However,
evaluation of this CQ by a design with a higher level of evidence, such as RCT, is

considered necessary for the future.

CQ28: What kinds of complications are associated with treatments for intra-abdominal
LMs?

Recommendation:

Complications associated with sclerotherapy for intra-abdominal LMs include bowel
obstruction, hemorrhage, pain, hematuria and chylous ascites. Operative treatment of
the disease can be associated with serious complications such as occlusion of the
inferior vena cava and massive resection of the intestine as well as more common,

wound infection, bowel obstruction, hemorrhage and chylous ascites.

Strength of recommendation No recommendation
Evidence D (very weak)
Comments

[Process of preparation of recommendation]

Patients with intra-abdominal LMs are treated with various modalities from
non-operative therapy to surgical procedures. Treatment modality is selected depending
on the patient’s state. Therefore, it is necessary for the clinician, patient, and family to

share information concerning complications that may be associated with treatments for



smoothly implementing them. However, there are no resources that give a clear answer
to this problem, and both clinicians and patients tend to be baffled. Therefore, the CQ
“What kinds of complications are associated with treatments for intra-abdominal LMs?”
was formulated, and information available at present was accumulated and integrated

for the answer.

<Literature search and screening>

As a result of literature search, 203 papers in Japanese and 602 papers in
English (593 from PubMed, 9 from Cochrane) were subjected to primary screening. Of
these papers, 23 in Japanese and 27 in English were subjected to secondary screening
concerning this CQ. They included no papers with a high level of evidence, such as
systematic reviews or RCTs, and all of them were case series or case reports. To answer

CQ 28, the results and discussion in each case series were integrated.

<Review of observational studies (case series)>
Complications in the CQ were evaluated by defining them as those encountered
when patients with intra-abdominal LMs were treated, and reports on sclerotherapy and

surgery were reviewed.

Results of review
(1) Complications associated with sclerotherapy
Sclerotherapy using OK-432 was reported to be associated with bowel

316

obstruction and hemorrhage for mesenteric LMs,”'® and chylous ascites for

retroperitoneal LM.3?* Sclerotherapy using acetic acid was reported to be associated



with pain and hematuria in patients with retroperitoneal LMs.3!”

(2) Complications associated with surgical procedures
Complete resection of both mesenteric and retroperitoneal LMs by laparotomy

323,353 and bowel obstruction2% 333

was reported to be associated with wound infection
354 as common complications. There were reports of serious complications such as
occlusion of the inferior vena cava’!® and massive resection of the intestine necessitated
due to diffuse infiltration of the LM tissue to the intestinal wall.3%

In a report about complications associated with complete laparoscopic
resection of intra-abdominal LMs by Tran et al., resection was attempted in 47 patients,
and conversion to laparotomy was necessary in 3 (6.4%) due to tight adhesion in 2 and
intraoperative hemorrhage in one.>>

Partial resection by laparotomy was reported to be associated with persistent

ascites over a long period which was refractory to the treatment.>>*

Limitations

Patients with intra-abdominal LMs are treated with various modalities
including sclerotherapy and surgical procedures. Modalities were combined in many
cases, and complications are often reported as those of entire treatment without more

detail information about those associated with individual treatment.

<Summary>
For answering the CQ, “What kinds of complications are associated with

treatments for intra-abdominal LMs?”, no literature with a high level of evidence was



found, but foreseeable complications could be listed from many case reports. Bowel
obstruction, hemorrhage, pain, hematuria, and chylous ascites were reported as
complications of sclerotherapy. Serious conditions, such as occlusion of the inferior
vena cava and massive resection of the intestine, as well as common complications,
such as wound infection, bowel obstruction, hemorrhage and chylous ascites were
reported as complications after surgical procedures.

Although the incidence and difference of complications in respect of the site
and histological type are not shown in the literature, each patient with intra-abdominal
LMs should be treated with sufficient evaluation of the site, size and symptoms. In
addition, treatment must be implemented with sufficient understanding of the possible
complications.

Thus, we propose “Complications associated with sclerotherapy for intra-
abdominal LMs include bowel obstruction, hemorrhage, pain, hematuria, and chylous
ascites. Operative treatment of the disease can be associated with serious complications
such as occlusion of the inferior vena cava and massive resection of the intestine as well
as more common, wound infection, bowel obstruction, hemorrhage and chylous

ascites.” as a recommendation draft.

CQ29: What are effective treatments for LMs causing airway stenosis in the
mediastinum?

Recommendation:

Sclerotherapy is effective for macrocystic lesions, and surgical resection is effective for
microcystic lesions. However, as the complication rate is relatively high, treatments

should be selected according to the condition of each case.
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