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Abstract: Masses of the head and neck are often diagnosed prenatally and require special care due to
the risk of airway obstruction. The EXIT procedure is a preferable mode of delivery. A congenital
cystic lymphatic malformation is one of the most common lesions of the cervical region described
in neonates. The treatment consists of different strategies and involves the cooperation of multiple
specialists. Up to now, no guidelines or protocols are available. We report a case of a congenital cystic
lymphatic malformation of the head and neck delivered during the EXIT procedure by a mother who
was SARS-CoV-2 positive. We analyzed clinical characteristics, radiologic features, and treatment
with injections of sclerotic agents and orally administrated sirolimus. Sirolimus seems a valuable and
safe therapeutic option for treating lymphatic malformations, especially with adjunct therapies.

Keywords: lymphatic malformation; congenital cervical lesion; EXIT procedure; sirolimus; neck mal-
formation

1. Introduction

Congenital head and neck cystic lesions are relatively uncommon. They are usually
painless, soft, or fluctuant and might cause airway obstruction [1]. The most common types
are thyroglossal duct cysts and cystic hygroma (lymphatic malformation) [2]. Four types
of lymphatic malformation can occur in the head and neck region: capillary, cavernous,
cystic, and venolymphatic. All types might also be seen within the same lesion during the
histopathological examination. A cystic lymphatic malformation is the most common of
these forms and is responsible for around 5% of benign lesions in infancy and childhood [3].
A lymphatic malformation is related to PIK3CA mutations, which can also be found in
many types of cancer, such as breast, lung, brain, or gastric tumors [4].

Lymphatic malformations start to develop prenatally around the 6th week of gestation
by the sequestration of embryonic lymphatic channels or insufficient drainage of the
lymphatic sac into the jugular vein, which causes congenital obstruction of lymphatic
drainage [5]. Approximately 5% of these lesions are present at birth [6]. The most common
locations of cystic lymphatic malformations are the posterior part of the neck and the oral
cavity. A cystic lymphatic malformation is a multilocular cystic mass with septa visible on
the ultrasound. Sometimes hemorrhagic components can be visualized inside the cysts [7].
MRI has better resolution for soft tissues, so it is superior to CT to plan the therapy [8].

Any large mass within the head and neck can cause airway obstruction at birth. For
this reason, the ex-utero intrapartum treatment (EXIT) procedure is a preferable way of
delivery. It allows keeping the placental circulation by controlling uterine hypotonia while
securing the fetal airways just before the delivery of the newborn [9,10].
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The possible management of cystic lymphatic malformation after the delivery includes
observation, aspiration, injection with sclerotherapy agents, treatment with the mammalian
target of rapamycin (mTOR) inhibitor, and excision. However, there are neither algorithms
nor guidelines for the neonatal population.

We present a case of a newborn born with massive head and neck cystic lymphatic
malformation treated multidisciplinary with sclerotic agents, sirolimus, and surgery.

2. Case Report

The patient was a late preterm baby boy born at 34 weeks of gestation via a cesarean
section. The diagnosis of midline fetal neck lesion was made for the first time at 29th
week gestation, when the diameter of the lesion was 68 × 65 mm2 (Figure 1). The mother
was referred to the tertiary center specializing in fetal neck malformations at 32 weeks of
gestation. Two prior pregnancies were uncomplicated and delivered vaginally on time. On
the day of hospital admission, the mass’s diameter was 85 × 59 mm2 (Figure 2). The lesion
had mixed both cystic and solid echogenicity in ultrasound. Differential diagnoses included
teratoma and lymphatic malformations. No other fetal abnormalities were found. However,
moderate polyhydramnios was diagnosed (Amniotic Fluid Index of 30 cm). We managed
to complete full steroid treatment for fetal lung maturation. Due to polyhydramnios and
increasing uterine contractions despite intravenous tocolysis, the cesarean section with
EXIT procedure had to be performed at 34th-week gestation. At the time of delivery, the
mother was SARS-CoV-2 positive; therefore, all the procedures required extra protection.
Due to this infection, we could not perform magnetic resonance imaging (MRI) before birth.

After partial head extraction, the baby was monitored immediately in the delivery
room, and an otolaryngologist tried twice to intubate the newborn before umbilical cord
clamping. The tube’s position in the trachea was confirmed with an endoscope after the first
attempt at intubation. However, due to the lack of adequate ventilation and bradycardia,
the umbilical cord was clamped and cut, and the newborn was transferred to the neonatal
resuscitation table to be intubated by a neonatologist. The neonate weighed 2550 g, APGAR
scores at 1 min were 1, 4 at 5 min, and 5 at 10 min.

On the physical examination, the malformation of the head and neck had dimensions
of 21 cm (between two ear lobes) × 14 cm (horizontal) × 8 cm (vertical). No signs of
dysmorphia or abnormalities of the chest, heart, abdomen, genitalia, and back were found.
Figure 3 shows the baby’s lesion on the first day of life.
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Figure 3. (a,b). The infant on the 1st day of life.

After admission to the neonatal intensive care unit, the baby required mechanical
ventilation with room air and low ventilation parameters, possibly due to airway obstruc-
tion caused by the malformation. Serial tests for COVID-19 infection remained negative.
He was sedated and initially fed parenterally. On the 6th day of life, the MRI examina-
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tion was performed (see Figure 4), which revealed a heterogenous lesion of the head and
neck extending from the craniofacial area, embracing the lower lip and the bottom of the
oral cavity, the superior mediastinum, and the upper part of the chest on the right side.
The lesion consisted of numerous cystic structures with the presence of septa and fluid
levels visible.
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Figure 4. MRI scan on 6th day of life with visible cystic mass with approximate dimensions of
cephalocaudal 10 cm × transverse 8 cm × anteroposterior 6.5 cm.

During the first days of the infant’s life, the mass was enlarging, and the newborn’s
head was compulsorily positioned in deflect position.

On the 7th day of life, the baby presented with fever and high C-reactive protein
(CRP) level and was given antibiotics which were continued for three weeks. The blood
culture was positive for E. coli. The cerebrospinal fluid culture was negative. The patient
required red blood cell transfusions due to anemia and fresh frozen plasma transfusion
due to abnormal coagulation values. Anemia and abnormal coagulation values were
probably due to consumptive coagulopathy and bleeding into the cysts. He was also
treated with furosemide and albumin due to edemas and hypoalbuminemia. Edemas were
observed in the lesion area due to malfunctioning lymphatic vessels and very limited motor
activity of the baby. Hypoalbuminemia was most probably reactive to edema. The patient
was fed exclusively enterally from the 11th day of life via a nasogastric tube and later
via gastrostomy.

On the 16th day of life, the patient underwent the first surgery that was supposed
to reduce the mass. During the procedure, the malformation was punctured, lymphatic
fluid was aspirated, and 3 mg of doxycycline was given as a percutaneous sclerotherapy
procedure. Fiberoscopy performed on that day revealed massive edema of the tissues of the
larynx and glottis. On the root of the tongue, the lymphangioma was more extensive than
seen during the EXIT procedure. Surgical removal of the malformation was not possible at
that point. It was expected that doxycycline would cause a reduction of the mass. On the
19th day of life, the patient underwent a tracheotomy. Obtaining adequate access to the
trachea forced a partial resection of the mass. The parts limiting access to the anterior wall
of the trachea were removed. Initially, the baby required mechanical ventilation with low
parameters and afterward CPAP through the tracheostomy until the 78th day of life. After
that, he was breathing spontaneously.
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Recovery from the surgery was complicated by poor wound healing. We observed
tissue necrosis and serous-bloody liquid leaking from the wound. Despite treatment with
Bactigrass (paraffin dressing with chlorhexidine) and Spongostan (gelatin sponge), no
improvement was seen, and a subsequent surgical intervention was performed to clean the
wounds. Antibiotics were continued. Due to continuous enlargement of the malformation,
on the 34th day of life, the baby required subsequent doxycycline injection in the dose of
3 mg into the mass.

On the 35th day of life, after obtaining the parents’ informed consent and the bioethical
committee’s approval, we started the off-label treatment with an oral solution of sirolimus
(Rapamune). The initial dose was 0.2 mg every 12 h, followed by an increase to 0.3 mg
every 12 h based on the plasma levels (target range 4–8 µg/L) and the infant’s weight gain.

As far as Rapamune side effects are concerned, we observed transient leucopenia
with the lowest white blood cell count 2.42 G/L. Within two weeks, the white blood cell
count was back to normal. Cholesterol and triglyceride levels remained stable. The baby
developed lymphatic head edema that was treated with lymphatic massage with slight
improvement during the following weeks (Figure 5).
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Figure 5. The infant with tracheostomy and lymphatic edema.

The mass showed a change in consistency after two weeks of treatment—it became
more solid and stopped growing. Also, the tongue showed a visible reduction in size
after sirolimus administration. On the ultrasound, we visualized hypoechogenic cysts (the
biggest of 2 cm in diameter). On the 58th day of life, the malformation was punctured
again (1 mL of fluid aspired), and OK432 (Picibanil) in the dose of 0.2 mg was injected.
During this procedure, similarly to doxycycline injection, the obliterating preparation
was administered to three malformation chambers with a diameter exceeding 20 mm.
During this intervention, bronchofiberoscopy was performed, and no pathological changes
were observed. A control MRI was performed on the 70th day of life. It showed an
extensive multicystic lesion with multiple septa penetrating both sides of the oral cavity,
parotid salivary gland, and sublingual space, between the muscles of the oral cavity floor,
including the whole submandibular area (see Figure 6a,b). The mass also penetrated around
sternocleidomastoid muscles, covering the visceral space of the neck anteriorly from the
jugular vessels. In the area at the bottom of the mouth, the venous vessels were widened up
to 5 mm. Several foci and hemosiderin deposits were visible within the lesion that might
have corresponded to the bleeding within the cysts. The entire lesion’s size was similar to
the previous MRI examination, while the cysts seemed smaller.
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muscles of the oral cavity floor, including the whole submandibular area.

After an interdisciplinary case conference, the baby was disqualified from debulking
surgery. The convened council decided that the patient requires additional pharmacological
therapy to reduce the mass further. On the 90th day of life, the patient was transported
to the Pediatric Oncology Department to receive optimally adjusted dosing and continue
treatment with sirolimus. Currently, the baby is seven months old and remains on sirolimus
therapy while the mass slowly gets smaller. In the future, surgery might be necessary to
remove the rest of the malformation.

3. Discussion

We share our experience of an airway-threatening cystic lymphatic malformation in a
late preterm neonate that required a combination of various therapies. Prenatal diagnosis
and assessment of the compression of surrounding tissues are vital for perinatal manage-
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ment. Ultrasound imaging combined with MRI allows for determining the compression
of the trachea and the necessity for the EXIT procedure. The prenatal MRI could not be
performed on our patient due to maternal COVID infection. Such examination is beneficial
as it demonstrates the full extent of the mass and provides essential information for accurate
treatment planning. Lesions in the frontal part of the neck create a higher risk for airway
obstruction and adverse neonatal outcomes. Despite no success in the EXIT procedure, the
baby’s airways were secured. A multidisciplinary approach was crucial as the treatment
involved sclerotic agents, sirolimus therapy, and surgery.

The EXIT procedure is more and more often used to deliver infants with congenital
head, neck, and intrathoracic masses and congenital diaphragmatic hernias after Fetoscopic
Endoluminal Tracheal Occlusion and severe cardiac malformation [11,12]. The outcomes
of EXIT itself are relatively good, and in the vast majority of cases, it enables establishing
access to the airways [13]. In our case, the baby was intubated after clamping the cord as
the EXIT procedure did not succeed, although it did not worsen the infant’s condition.

Injection of sclerotic agents (such as doxycycline, bleomycin, or OK-432) should be
considered whenever the complete excision of cystic lymphatic malformation is impossible.
Sclerotic agents are irritants that cause inflammation of the cyst lining, so the outflow of
the lymphatic fluid can be diminished or even blocked. Sclerotherapy might have adverse
effects such as bleeding, scarring, pulmonary fibrosis, and infection [14]. Doxycycline
is widely used to treat postoperative lymphoceles and pleural effusion [15]. It is safe
and effective in the pediatric population for managing lymphatic malformations [16]. In
2022 a Japanese group reported the successful application of eppikajyutsuto (TJ-28) in the
sclerotization of lymphatic malformation of the newborn. This sclerotic agent has been
known in Japanese traditional medicine for ages, but more studies are needed to assess its
wider use [17].

Recently OK-432 has been more commonly used as it has even fewer adverse effects
than doxycycline [18]. OK-432 is a lyophilized incubation mixture of group Streptococcus
pyogenes of human origin that activates white blood cells and cytokines to increase en-
dothelial permeability and accelerate the lymph drainage that leads to shrinkage of the
cysts [19].

Sirolimus—the mammalian target of rapamycin (mTOR) inhibitor prevents angio-
genesis and cellular proliferation. In the literature, off-label oral administration of this
drug has been a successful treatment for lymphatic malformations in the pediatric and
neonatal population [20]. The topical use of sirolimus has also been studied in randomized
controlled trials in older children to treat microcystic lymphatic malformations [21,22].

Triana et al. reported seven cases of infants with a malformation located in a cervical
region involving the upper airway. A satisfactory result was reached in all of them with
an oral solution of sirolimus [23]. Changhua et al. reported eight patients who received
treatment with sirolimus [24]. Like in the case we presented, only minor adverse effects
were observed. The drug was efficient in seven patients, and one did not respond to
the therapy; however, his clinical condition improved [24]. Azouz et al. reported a case
study of a child affected by cystic lymphatic malformations from birth, delivered via EXIT
procedure, who underwent multiple sclerotherapy sessions followed by sirolimus after
the first month of age. The treatment continued for 15 months and resulted in a 90%
decrease in the mass [25]. It is crucial to regularly and adequately monitor sirolimus
concentration in plasma as cytochrome P450 enzymes metabolize it. Therefore, in neonates
and infants, its concentrations may vary depending on the maturation of the liver. Generally,
it is recommended to maintain lower plasma levels of sirolimus in neonates and infants
than in older children, but more data on this drug’s pharmacokinetics are needed in
neonates. In our patient, similarly to the literature data, no severe short-term toxicities of
sirolimus have been observed. Sirolimus might help treat cystic lymphatic malformations,
mainly composed of microcystic components, while macrocystic parts may require other
therapies [25]. We speculate that there might be a synergic effect between the use of
doxycycline, OK-432, and sirolimus.
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In the literature, the case series might prove the success of various treatment strategies
in children with head and neck lymphatic malformations. However, the patients differ
substantially in terms of the malformation’s dimensions and response to the therapy [26,27].
According to the published data, we can speculate that some of the lesions become smaller
after several months of treatment with sirolimus and thus may become feasible for sur-
gical removal. In most cases, the neurodevelopmental milestones of the patients can be
reached as long as their mobility is unaffected. The long-term outcome for adulthood
remains unknown.

Our patient had a difficult course due to the location and size of lymphatic malforma-
tion, sepsis and possible inflammation of the cystic lesion, and respiratory problems (long
need for mechanical ventilation). In such cases, a multidisciplinary team of experienced
obstetricians, neonatologists, otolaryngologists, pediatric oncologists, and radiologists is
required to provide optimal and state-of-the-art care. To achieve this, a special Section of
Vascular Anomalies in Children was launched in 2021 under the auspices of the Polish
Society of Pediatric Oncology and Hematology. It invites all experienced specialists dealing
with all types of vascular lesions and malformations affecting children, including neonates,
to provide the best possible multispecialty care over this heterogeneous, complicated, and
demanding group of patients.

Author Contributions: Conceptualization, G.S., K.W.-S. and T.S.; writing—original draft preparation,
G.S.; writing—review and editing, K.W.-S., J.K., J.S., D.B. and A.K.; visualization, G.S. and K.W.-S.;
supervision, K.W.-S., E.B., E.W.-O. and T.S.; project administration, T.S. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study as
it is a case report and not an experimental study.

Informed Consent Statement: Written informed consent has been obtained from the patient’s parents
to publish this paper.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ibrahim, M.; Hammoud, K.; Maheshwari, M.; Pandya, A. Congenital cystic lesions of the head and neck. Neuroimaging Clin. N.

Am. 2011, 21, 621–639. [CrossRef] [PubMed]
2. Gaddikeri, S.; Vattoth, S.; Gaddikeri, R.S.; Stuart, R.; Harrison, K.; Young, D.; Bhargavaet, P. Congenital cystic neck masses:

Embryology and imaging appearances, with clinicopathological correlation. Curr. Probl. Diagn. Radiol. 2014, 43, 55–67. [CrossRef]
3. Parker, G.D.; Harnsberger, H.R.; Smoker, W.R. The anterior and posterior cervical spaces. Semin. Ultrasound. CT MR 1991, 12,

257–273.
4. Luks, V.L.; Kamitaki, N.; Vivero, M.P.; Uller, W.; Rab, R.; Bovée, J.V.M.G.; Rialon, K.L.; Guevara, C.J.; Alomari, A.I.; Greene, A.K.;

et al. Lymphatic and Other Vascular Malformative/Overgrowth Disorders Are Caused by Somatic Mutations in PIK3CA. J.
Pediatr. 2015, 166, 1048–1054.e5. [CrossRef]

5. Zadvinskis, D.P.; Benson, M.T.; Kerr, H.H.; Mancuso, A.A.; Cacciarelli, A.A.; Madrazo, B.L.; Mafee, M.F.; Dalenet, K. Congenital
malformations of the cervicothoracic lymphatic system: Embryology and pathogenesis. Radiogr. Rev. Publ. Radiol. Soc. N. Am.
1992, 12, 1175–1189. [CrossRef]

6. Pediatric Surgery—Clinical Key. Available online: https://www.clinicalkey.com/#!/content/book/3-s2.0-B9780323640626000670
(accessed on 26 July 2022).

7. Vazquez, E.; Enriquez, G.; Castellote, A.; Lucaya, J.; Creixell, S.; Aso, C.; Regaset, J. US, CT, and MR imaging of neck lesions in
children. RadioGraphics 1995, 15, 105–122. [CrossRef]

8. Fung, K.; Poenaru, D.; Soboleski, D.A.; Kamal, I.M. Impact of magnetic resonance imaging on the surgical management of cystic
hygromas. J. Pediatr. Surg. 1998, 33, 839–841. [CrossRef]

9. Hedrick, H.L. Ex utero intrapartum therapy. Semin. Pediatr. Surg. 2003, 12, 190–195. [CrossRef]
10. Laje, P.; Peranteau, W.H.; Hedrick, H.L.; Flake, A.W.; Johnson, M.P.; Moldenhauer, J.S.; Adzick, N.S. Ex utero intrapartum

treatment (EXIT) in the management of cervical lymphatic malformation. J. Pediatr. Surg. 2015, 50, 311–314. [CrossRef]
11. Taghavi, K.; Beasley, S. The ex utero intrapartum treatment (EXIT) procedure: Application of a new therapeutic paradigm. J.

Paediatr. Child Health 2013, 49, E420–E427. [CrossRef]

http://doi.org/10.1016/j.nic.2011.05.006
http://www.ncbi.nlm.nih.gov/pubmed/21807315
http://doi.org/10.1067/j.cpradiol.2013.12.001
http://doi.org/10.1016/j.jpeds.2014.12.069
http://doi.org/10.1148/radiographics.12.6.1439020
https://www.clinicalkey.com/#!/content/book/3-s2.0-B9780323640626000670
http://doi.org/10.1148/radiographics.15.1.7899590
http://doi.org/10.1016/S0022-3468(98)90654-6
http://doi.org/10.1016/S1055-8586(03)00026-X
http://doi.org/10.1016/j.jpedsurg.2014.11.024
http://doi.org/10.1111/jpc.12223


Biomedicines 2022, 10, 2422 9 of 9
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