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           Introduction 

    In 1982, Mulliken and Glowacki proposed a biological 
 classifi cation of vascular anomalies [ 1 ]. These authors 
described two major categories of vascular anomalies based 
on their clinical behavior, natural history, and cellular kinet-
ics:   vascular tumors , which are lesions characterized by 
endothelial proliferation, and  vascular malformations , 
which result from errors in vascular morphogenesis while 
exhibiting normal endothelial turnover [ 1 – 3 ]. The modifi ca-
tion of this classifi cation accepted by the International 
Society for the Study of Vascular Anomalies (ISSVA) in 
1996 [ 2 ] is shown in Table  1 .

   The most common vascular anomalies of the neonatal air-
way are infantile hemangiomas, lymphatic malformations, 
and venous malformations. Infantile hemangiomas, which 
are among the vascular tumors, have a predilection for the 
subglottic airway. In contrast, lymphatic and venous vascular 
malformations are typically pharyngeal and supraglottic and 
cause obstruction in higher regions of the airway [ 4 ].  

   Infantile Hemangioma of the Airway 

 Infantile hemangiomas (IHs) are benign tumors of the vascu-
lar endothelium. The most common tumors of infancy, IHs 
have the unique ability to involute after a period of rapid 

 proliferation. Most IHs involve the skin, while only a small 
percentage involve the mucosa or the viscera. 

 IHs of the neonatal airway are relatively uncommon. Also 
known as “subglottic” hemangiomas, these lesions have a 
tendency to affect the narrowest portion of the pediatric 
 airway, and therefore present with symptoms of stridor and 
cough. Growth of the tumor may result in airway compro-
mise and severe respiratory distress. 

   Epidemiology 

 The incidence of IH in general has been estimated at 4–5 % 
based on retrospective and cross-sectional data [ 5 ], although 
other studies suggest rates of 1–3 % among newborns [ 6 ,  7 ], 
and 2.6–9.9 % among older children. [ 8 ,  9 ]. IHs occur more 
commonly among female infants at rate of about 3:1 [ 9 ,  10 ], 
and most studies report a signifi cantly higher incidence in 
Caucasian infants [ 9 – 11 ]. The incidence of IH is increased 
among preterm infants, affecting 22–30 % of babies weigh-
ing less than 1 kg [ 10 ,  12 ]. Low birth weight has been impli-
cated as the causal reason, with a 25 % increase in risk of IH 
development for every 500 g reduction in birth weight [ 13 ]. 

 In a 1967 series, IHs of the airway accounted for 1.5 % of 
congenital laryngeal anomalies [ 14 ]. However, the actual inci-
dence of IHs has not been determined in any formal study. An 
analysis of the 37-hospital Pediatric Health Information 
System (PHIS) database over the 5-year period from 2001 to 
2005 found that of 2,890 admissions for a primary or second-
ary diagnosis of IH, 337 (12 %) underwent an airway proce-
dure during at least one admission [ 15 ]. Thus, on average, 
pediatric hospitals in this cohort likely treated fewer than three 
symptomatic airway IHs each year. As with IH in general, air-
way IH of the subglottis have been reported more frequently in 
females, but with a 2:1 female to male preponderance [ 16 – 20 ]. 
It is unknown if the other risk factors associated with IH in 
general apply equally to the subset of IHs of the airway.  
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   Etiology and Pathogenesis 

 The etiology and pathogenesis of IH remain theories that are 
incompletely proven. The endothelial progenitor cell theory 
suggests that IHs develop from clonal expansion of circulat-
ing endothelial progenitor cells (EPCs), resulting in vasculo-
genesis, or the de novo formation of new blood vessels. 
[ 21 ,  22 ]. The proposed stimulus for division of EPCs is a 
somatic mutation or abnormal signals from local tissues. The 
theory of placental origin suggests that fetal progenitor cells 
arise from disruption of the placenta during gestation or 
birth. This concept derived from research demonstrating that 
molecular markers unique to placental tissue were also pres-
ent in IHs [ 23 – 25 ]. Clinical evidence for this theory is sug-
gested by studies demonstrating an increased incidence of 
IH in association with chorionic villus sampling, placenta 
previa, and preeclampsia. 

 A unifying theory suggests that circulating EPCs fi nd 
their way to certain locations that provide conditions favor-
able for growth into placenta-like tissues. In such tissues as 
the skin and liver, progenitor cells may encounter cellular 
signals and local tissue factors that stimulate their develop-
ment. Such factors may include angiogenic and vasculogenic 
factors within the IH [ 26 – 28 ]. It is also theorized that distur-
bances causing placental hypoxia trigger a vascular response 
that increases the likelihood of IH [ 29 – 31 ]. Such distur-
bances include maternal chorionic villus sampling (CVS) or 
amniocentesis [[ 10 ,  32 ,  33 ], and placental anomalies such as 
retroplacental hematoma, infarction, and dilated vascular 
communications [ 29 ]. In utero hypoxia is also the most 
 common cause of low birth weight and may explain the asso-
ciation seen with premature delivery.  

   Clinical Presentation 

 Although considered congenital lesions, airway IHs are not 
generally symptomatic at birth. However, like cutaneous 
IH, they typically exhibit a characteristic life cycle consist-
ing of proliferation and involution. Proliferation occurs 
during early infancy, while gradual spontaneous involution 
or regression starts by 1 year of age [ 34 – 41 ]. Symptoms 
usually manifest during the early proliferative phase; 
accordingly, some airway IHs will become symptomatic 
during the neonatal period. 80–90 % of affected babies will 
present within the fi rst 6 months with a mean age of 
3.6 months at diagnosis [ 16 ,  42 ]. Symptoms are often pres-
ent for several weeks before a defi nitive diagnosis is made. 
An intermediate period between proliferation and involu-
tion during mid-to-late infancy, often referred to as the 
“plateau” phase, more likely represents a period of tempo-
rary balance between individual cells that are proliferating 
and those undergoing involution and apoptosis [ 34 – 41 ]. 
The process of involution takes several years and varies in 
duration. 

 Most  symptomatic  airway IHs involve the subglottic lar-
ynx and, as a result, authors have traditionally referred to 
these lesions as “subglottic hemangiomas.” In fact, many 
such IHs have been demonstrated to have transglottic or 
paratracheal extension [ 43 ]. Nevertheless, their associated 
symptom complex is consistent, including biphasic stridor 
and barky cough, usually in the absence of dysphonia. The 
symptoms are often mistaken for those of infectious or 
infl ammatory croup, especially since the symptoms typically 
worsen in the presence of upper respiratory illness. 
Furthermore, IHs respond to many of the same treatments 
used for croup, including racemic epinephrine and nebulized 
and systemic steroids. As a result, recurrent croup-like symp-
toms and gradual worsening of stridor during early infancy 
are suggestive of airway IH and should be investigated 
 further. Swallowing is usually normal; however feeding may 
be affected as the infant tries to coordinate sucking with 
breathing. 

 About one half of infants diagnosed with an airway IH 
also will have a cutaneous IH, although only 1–2 % of 
 children with cutaneous IHs also have airway IHs [ 17 ,  44 ]. 
Even in asymptomatic children, the presence of cutaneous 
IH in the “beard distribution” (parotid area, lips, chin, neck) 
may be a predictor of IH in the airway (Fig.  1 ) [ 45 ]. Such 
cases likely represent “segmental” IHs [ 43 ,  46 ].

   Once the proliferative phase is completed (9–12 months 
of age), respiratory symptoms tend to slowly resolve. 
Although the lesion itself may not involute completely or 
even signifi cantly for many months, growth of the child over 
time allows the airway to better accommodate the IH, result-
ing in diminished stridor and cough.  

   Table 1    Classifi cation of cutaneous vascular anomalies (Modifi ed from 
issva.org/classifi cation, updated 2014)   

  Vascular malformations  
 Venous 
 Lymphatic 
 Capillary 
 Arterial and arteriovenous 
 Mixed (combined) 

  Vascular neoplasms  
 Infantile hemangioma (IH) 
 Congenital hemangioma (CH) 

 Rapidly involuting (RICH) 
 Non-involuting (NICH) 

 Others 
 Kaposiform hemangioendothelioma (KHE) 
 Tufted angioma (TA) 
 Lobulated capillary hemangiomas (LCH) (pyogenic granuloma) a  

   Notes :  a  considered cutaneous hyperplasia   
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   Diagnosis 

 Diagnosis of airway IH begins with a high index of suspi-
cion, since many congenital and infl ammatory processes of 
the airway can mimic IH during the early months of infancy. 
The presence of cutaneous lesions and the persistence or 

recurrence of croup-like symptoms are important clues. 
When airway IH is suspected, the diagnosis may be con-
fi rmed by performing an imaging study or proceeding 
directly to laryngoscopy and bronchoscopy. In most cases, 
the uncertainty of the diagnosis or the severity of symptoms 
necessitates a trip to the operating room, where the pathol-
ogy may be visualized directly and treated surgically if nec-
essary. This approach avoids the risks associated with 
radiation exposure during infancy. Advocates of imaging, 
conversely, prefer to make a presumptive diagnosis based on 
fl exible airway endoscopy, and confi rm the diagnosis and 
assess the extent of the lesion by CT (computerized tomog-
raphy) scan with angiography (“CT angio”) [ 47 ]. This 
approach avoids the need for general anesthesia, especially 
given the recent trend to treat such lesions initially with 
medical therapy rather than surgery. 

 When endoscopy is performed, symptomatic airway IHs 
are usually found to involve the subglottis, but bulk and 
blush may be present at adjacent and distant sites as well. 
The bulky lesion is smooth, submucosal, compressible, and 
pink or blue in color (Fig.  2 ). A left-sided predominance has 
been reported, but IHs may be bilateral, circumferential, or 
multiple. Biopsy is not usually necessary to establish the 
diagnosis; however when the diagnosis is in doubt, speci-
mens from true IHs will stain positively for GLUT1 (glucose 
transporter protein isoform 1) [ 24 ,  48 ]. The most useful and 
widely used immunohistochemical marker for the diagnosis 
of IH, GLUT1 is strongly expressed by IH endothelial cells 
and not by other benign vascular anomalies, and has been 
validated for the identifi cation of IHs of the airway [ 49 ].

   On CT imaging, IHs will demonstrate an intensely stain-
ing, well-circumscribed mass with lobular architecture. 
MRI, although often diagnostic, is less advantageous since 
the duration of the study generally requires general anesthe-
sia, often with endotracheal intubation. Fluoroscopy or 
anterior- posterior radiographs of the neck may demonstrate 
an asymmetric subglottic narrowing; however these studies 
do not defi nitively establish the diagnosis. 

 A staging system for airway IHs has been proposed by 
Perkins et al. [ 47 ]. IH stage is determined from CT angiogra-
phy based on location, percentage of laryngeal airway 
obstruction, and estimated total volume of the IH (Table  2 ).

  Fig. 1    Subsites of IHs in beard distribution, denoted by asterisks 
(Reprinted from [ 45 ], copyright © 1997, with permission from 
Elsevier, Ltd)       

  Fig. 2    Hemangioma on posterior wall of glottic and subglottis       

   Table 2    Proposed airway IH staging system and treatment protocol   

 Stage a  
 Unilateral airway 
hemangioma 

 Circumferential or bilateral 
airway hemangioma 

 Percent laryngeal airway 
obstruction 

 CTA or MRI extralaryngeal 
hemangioma volume (mm 3 ) 

 1  Yes  No  ≤50  <4,000 
 2  Yes  Yes  >50–90  4,001–10,000 
 3  No  Yes  >90  >10,000 

   CTA  CT angiography,  IH  infantile hemangioma 
  a Stage based on lowest stage in a row with two or more positive fi ndings 
 From Perkins et al. [ 47 ]  
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      Management 

 Once the diagnosis of airway IH has been established, the 
need for and type of intervention is determined by several 
factors, including the degree of airway obstruction, the extent 
of extralaryngeal IH, the location of the patient at the time of 
diagnosis, the experience of the treating physician, and the 
preferences of the caretaker. 

 Since involution is the ultimate fate of nearly all infantile 
IHs, “watchful waiting” is reasonable in cases involving 
minimal symptomatology. For those patients with symptom-
atic IHs whose caretakers prefer no intervention for the 
lesion itself, tracheotomy with observation is highly success-
ful [ 18 ]. This approach, however, requires a high level of 
maintenance to avoid tube occlusion, accidental decannula-
tion, and exposure of the airway to water over a long period 
of time. As a result, in most cases, some sort of intervention 
for the IH itself is more desirable. 

   Pharmacotherapy 
 In a landmark 2008 publication by Léauté-Labrèze et al., the 
authors described their serendipitous observation that involu-
tion of IHs may be accelerated with the administration of pro-
pranolol [ 50 ]. At doses of 2–3 mg/kg/day used to treat cardiac 
complications of their IHs, two children experienced marked 
and rapid involution of their IHs. These results were repli-
cated in a case series reported by the same authors [ 51 ] and in 
publications by a number of other investigators [ 52 – 62 ]. 

 Several mechanisms have been proposed to explain the 
mechanism by which propranolol inhibits IH growth, includ-
ing vasoconstriction due to decreased release of nitric oxide, 
blocking of proangiogenic signals (vascular endothelial 
growth factor, basic fi broblast growth factor, matrix metallo-
proteinases 2 and 9), and induction of apoptosis in proliferat-
ing endothelial cells [ 51 ,  62 – 64 ]. It has also been suggested 
that propranolol may prevent the differentiation of IH stem 
cells into endothelial cells or pericytes [ 65 ], or that it may has-
ten the differentiation of progenitor cells into adipocytes [ 51 ]. 

 Several clinicians have reported success using proprano-
lol in the management of airway IHs [ 66 – 76 ], but response is 
not universal [ 77 ]. The pretreatment assessment, optimal 
dose, and appropriate duration of therapy vary considerably 
in the literature. After considering contraindications such as 
cardiogenic shock, sinus bradycardia, hypotension, heart 
block greater than fi rst-degree, heart failure, bronchial 
asthma, and known hypersensitivity to the drug, most clini-
cians will perform a cardiac evaluation, including at least an 
examination and a pretreatment electrocardiogram. In most 
series, the drug is started at a dose of 1 mg/kg/day divided 
two to three times a day, and then increased over several days 
to a week to 2–3 mg/kg/day. Heart rate and blood pressure 
are checked each hour for the fi rst 2–3 h after the initial dose 
and with each dosage increase. The drug is administered 

throughout most of the fi rst year of life. Although protocols 
for propranolol initiation do appear in the otolaryngology lit-
erature [ 78 ,  79 ], a consensus multidisciplinary protocol has 
also been published [ 62 ]. 

 Propranolol has a well-established safety profi le based on 
years of use at higher doses for control of high blood pres-
sure and cardiac pathology. Potential side effects and com-
plications include sinus bradycardia, hypotension, reactive 
airways, hypoglycemia with secondary seizures, diarrhea, 
and cool extremities. Patients should be monitored for evi-
dence of bradycardia, hypotension and/or hypoglycemia [ 62 , 
 65 ,  80 ]. However, such complications are reported rarely, 
and it has been suggested that propranolol should become 
the standard for initial management of all airway IHs [ 81 ]. 

 Although propranolol has largely supplanted systemic 
corticosteroids as fi rst line pharmacotherapy, the latter are 
occasionally useful in refractory cases. Steroid medications 
inhibit growth of the lesion during the proliferative phase, 
losing their effectiveness once involution begins [ 82 ]. Doses 
of prednisolone at 2–3 mg/kg/day are generally necessary to 
control growth of the mass and should be maintained for 1–2 
weeks before starting a 2–4 week taper. Response rates 
reported in the literature vary between 30 and 93 %, although 
there is little consistency among dosing regimens [ 82 ,  83 ]. 
Long-term management on steroids carries a signifi cant risk 
of complications, including gastroesophageal refl ux, gastri-
tis, immune suppression, cushingoid changes, hyperglyce-
mia and glycosuria, hypertension, fl uid and electrolyte 
disturbances, and growth retardation [ 82 ]. IH patients on 
maintenance steroids should concomitantly receive courses 
of H 2  receptor blockers and trimethoprim-sulfamethoxasole 
as prophylaxis against gastritis and pneumocystis carinii 
infection, respectively. Live vaccinations should also be 
avoided while a child is taking high-dose steroids. 

 Interferon α-2A has been used with success in treating 
IHs, but should only be considered when all other traditional 
modalities fail [ 84 – 87 ]. Potential side effects are associated 
with this therapy, including fever, myalgia, transient eleva-
tion of hepatic transaminase levels, transient neutropenia, 
anemia, and spastic diplegia [ 88 ,  89 ].  

   Surgical Intervention 
 Indications for surgical management of airway IH have 
become few since the effi cacy of propranolol was estab-
lished. Surgery is a reasonable consideration when (1) the 
obstruction found at operative endoscopy is severe and will 
likely require a lengthy intubation while medical therapy is 
initiated, and (2) the patient remains severely symptomatic 
despite an adequate trial of medical therapy. 

 Operative intervention may include intralesional injection 
of corticosteroids and/or partial ablation of the IH, or 
 complete surgical excision the portion of the lesion within 
the airway. In most cases, the patients will remain on 
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 medical therapy postoperatively to reduce the likelihood of 
 recurrence. This is of particular importance in “segmental” 
airway lesions with known extension outside of the airway. 

 Intralesional steroids should be considered for patients 
whose IHs have necessitated a trip to the operating room for 
endoscopy or endoscopic resection. While repeated injec-
tions are usually necessary as single modality therapy [ 90 ], 
these medications may be effective adjuvant therapy for 
patients whose lesions are being observed, treated pharma-
cologically, or partially resected. In most cases, triamcino-
lone 40 mg/cm 3  is administered at a dose of 3–5 mg/kg either 
alone or supplemented by betamethasone 6 mg/cm 3  dosed at 
0.5–1.0 mg/kg (Fig.  3 ) [ 82 ]. Total volume delivered may be 
limited by the size of the lesion, and care must be taken to 
avoid depositing the steroid medication deep enough to 
affect the underlying cartilage. Patients will usually require 
at least overnight intubation due to the increased volume of 
the lesion after injection. Cure rates of 77–87 % using intra-
lesional steroids have been reported [ 42 ,  90 ].

   Airway IHs causing focal obstruction may be addressed sur-
gically by a subtotal endoscopic approach using a microscope 
or telescope, or by total excision through an open approach, 
dividing the thyroid and cricoid cartilages in the midline. 
Subtotal resection, more often than total excision, carries the 
risk of growth of the residual lesion during the proliferative 
phase, potentially resulting in additional surgical procedures 
unless combined with pharmacologic therapy. Endoscopic 
excision is usually performed using an apneic anesthesia tech-
nique, intermittently interrupting the surgery for reinsertion of 
the tube and ventilation of the patient. Alternatively, the proce-
dure may be performed under spontaneous ventilation with 
anesthetic insuffl ation or Venturi jet ventilation. 

 The laser has been the most popular endoscopic surgical 
modality [ 42 ], with the carbon dioxide (CO 2 ) [ 17 ,  19 ,  44 ,  91 , 
 92 ] potassium titanyl phosphate (KTP) [ 93 ,  94 ], and 
neodymium:yttrium-aluminum-garnet (Nd:YAG) [ 95 ,  96 ] 
lasers all demonstrating some effectiveness. All of these 
lasers are currently available for airway use through fi ber 
delivery systems, however only CO 2  is used by direct beam. 
CO 2  lasers are preferentially absorbed by water, while KTP 
and Nd:YAG lasers take advantage of absorption peaks that 
approximate those of hemoglobin and are thought to pene-
trate more deeply. However, all of these lasers cause destruc-
tion by ablation rather than selective photothermolysis. As a 
result, in addition to the risk of recurrence, laser treatment 
carries a risk of subglottic stenosis of 5–25 % that is likely 
greatest with deeper resections and in cases of bilateral or 
circumferential disease [ 19 ,  44 ,  89 ,  97 ]. Debulking of the 
lesion using rotary powered instrumentation (microdebrider 
or “shaver”) has also been reported [ 98 ,  99 ]. Postoperatively, 
patients are observed in an intensive care setting. Some clini-
cians recommend face tent humidifi cation to prevent airway 
obstruction due to eschar formation. 

 Although the fi rst open surgical excision of a focally 
obstructing airway IH was reported in 1949, the procedure 
did not gain popularity until the 1990s, after complications 
of laser therapy became increasingly apparent [ 100 – 105 ]. 
Over the 15 years prior to the discovery of effects of pro-
pranolol, open resection appeared to be emerging as the 
intervention of choice for airway IHs. The procedure is of 
greatest advantage in patients with bilateral or circumferen-
tial lesions that may otherwise been at risk for postoperative 
stenosis, recurrence, or tracheotomy. However, open surgical 
excision may be more diffi cult in cases involving signifi cant 
extra-laryngeal extension, and the procedure may potentially 
result in some degree of dysphonia. 

 After initial intubation through the obstructed portion of 
the airway, the lesion is approached through the anterior 
neck via laryngofi ssure. After the tube has been relocated to 
the inferior aspect of the incision, the IH is removed submu-
cosally under the operating microscope. At the conclusion of 
the dissection, the patient is intubated; in some cases a thy-
roid cartilage graft may be placed to enlarge the subglottic 
laryngeal framework. After the neck is closed, the patient is 
transported to the intensive care unit where intubation is 
maintained for 3–7 days.   

   Multidisciplinary Considerations 

 Management of airway IH requires good communication 
among pediatric specialists, both in terms of diagnosis of the 
lesion as well as management after the diagnosis has been 
made. It is estimated that some 50 % of patients with airway 

  Fig. 3    Triamcinolone/betametasone steroid injection with needle in 
left side of subglottic hemangioma       
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IHs have cutaneous lesions as well, many with problematic 
segmental involvement in the “beard” distribution. In addition, 
there is an important association of airway IH with PHACE(S) 
syndrome, including  P osterior fossa defects,  H emangiomas, 
cerebrovascular  A rterial anomalies,  C ardiovascular anoma-
lies including  C oarctation of the aorta,  E ye anomalies, and 
 S ternal cleft and/or  S upraumbilical raphe (OMIM 606519) 
[ 106 ]. In one study of 23 PHACE patients, 52 % were found 
to have airway IH, many of whom required treatment for 
 stridor [ 107 ]. Another study found eight patients (42 %) 
meeting the criteria for PHACE among 17 with large “beard” 
distribution IHs and airway IHs [ 108 ]. In such cases, early 
consultations with pediatric dermatology and genetics are 
advisable. 

 During diagnostic endoscopy, as with all lesions of the 
airway, moment-to-moment communication between the 
otolaryngologist and the anesthesiologist is critical to suc-
cessful management. Since in most cases a subglottic lesion 
is predictable based on symptoms, the two clinicians should 
have a game plan in place for intubation, management of the 
airway during any intervention, and emergency contingen-
cies, and the two should agree on a plan for airway manage-
ment in the immediate postoperative period. 

 Postoperatively, the otolaryngologist must continue to 
coordinate the airway management plan with the pediatric 
intensivists and hospitalists that will administer care to 
patients with airway IH while they recover from endoscopy 
and start on medical therapy. Such care includes the duration 
of intubation (if any), management of medical therapy for 
the IH and for refl ux if indicated, and use of adjunctive race-
mic epinephrine and/or steroids to control exacerbations of 
stridor. In most cases, consultation with a pediatric cardiolo-
gist is advisable prior to starting propranolol therapy while 
the child is still hospitalized.  

   Future Considerations 

 There are still several important unanswered questions in the 
diagnosis and management of IH of the airway. One key 
issue in pathogenesis is the predilection of IH to involve the 
subglottis as opposed to other areas of the airway. As the 
etiology of IH in general becomes clearer, it may be possible 
to theorize plausible reasons for this clinical observation. 
It is also not yet clear if there is some subset of patients with 
a presentation of cutaneous IH that should undergo endos-
copy prior to the development of symptomatic airway 
obstruction. Finally, in terms of therapeutic intervention, 
propranolol therapy is a relatively new tool in the manage-
ment of airway IH, and additional research will be required 
to determine optimal administration, including dosage, 
 frequency, and duration of therapy.   

   Vascular Malformations of the Neonatal 
Airway 

 Vascular malformations are congenital disorders of vasculo-
genesis with ectatic vascular networks and the propensity for 
relentless expansion and recruitment of new vessels. Unlike 
hemangiomas, vascular malformations do not experience a 
cycle of growth and involution. They are present at birth and 
grow commensurate with the child until periods of rapid 
expansion lead to functional and aesthetic compromise. 
Trauma, infection, and hormonal fl uctuation have been associ-
ated with acute growth of these vascular anomalies [ 109 ,  110 ]. 

 Vascular malformations may be composed of any blood 
vessel type and they are named accordingly, including capil-
lary malformations (port wine stains), venous malforma-
tions, lymphatic malformations, and arteriovenous 
malformations. The most common vascular malformations 
affecting the neonatal airway are lymphatic and venous mal-
formations [ 111 – 113 ]. Relative to subglottic hemangiomas 
and other disorders of the newborn airway, these malforma-
tions are rare. Although they may occur in isolation, neonatal 
vascular malformations of the airway are more commonly 
associated with diffuse cervicofacial lesions [ 114 ,  115 ]. 
Diffuse involvement of the head and neck will commonly 
affect the aerodigestive tract mucosa to include the oral 
 cavity, tongue, hypopharynx and larynx (Fig.  4 ) [ 113 ]. 
Vascular malformations typically experience slow growth 
but airway involvement may necessitate urgent intervention, 
especially in the setting of acute or chronic obstruction.

      Lymphatic Malformations 

   Epidemiology 

 Lymphatic malformations are believed to occur in 1 in 500 
live births and comprise about 12 % of vascular cases referred 
to a vascular center [ 116 ]. Within the head and neck, lym-
phatic malformations occur at a rate of between 1 in 2,000 
and 1 in 4,000 [ 117 ]. Fifty percent of cases present after birth 
and 80–90 % by 2 years of age. There does not appear to be 
a gender or race predilection for LMs.  

   Etiology and Pathogenesis 

 Lymphatic malformations (LMs) are slow fl ow vascular 
 malformations composed of dilated ectatic lymphatic chan-
nels. They are thought to arise from disruptions in embryonic 
lymphangiogenesis but their etiology and pathogenesis 
remain unclear. Lymphatic malformations are present at 
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birth but may not be detectible until later in life. The majority 
of LMs occur in the head and neck, making them the second 
most common congenital mass found at these sites [ 118 ,  119 ]. 
Exacerbated by infection, cervicofacial LMs may expand in 
infancy or early childhood when the rate of ear and upper 
respiratory infections are at their peak. Diffuse lesions are 
more likely to progress than those that are localized. If left 
untreated, the likelihood of progression is signifi cantly 
higher in adolescence than childhood [ 120 ]. The earlier 
intervention may thus be warranted in many cases.  

   Clinical Presentation 

 Based upon their response to treatment, LMs have been cat-
egorized by the size of the fl uid fi lled lymphatic cysts pres-
ent. In particular, cysts greater than 1–2 cm in diameter are 
considered macrocysts, while microcysts are those 1–2 cm in 
diameter or less [ 121 ]. While LMs may be predominantly 
macrocystic or microcystic, most LMs of the head and neck 
region are mixed lesions. Venous malformations may also be 
present within extensive cervicofacial LMs. 

 Macrocystic and microcystic LMs have different clinical 
courses. Macrocystic LMs grow by accumulated lymphatic 
fl uid and expansion of the cysts into areas of least resistance. 
They have a tendency to encompass and compress surround-
ing architecture. In the neonate, they can affect the larynx 
and trachea by direct or indirect compression of these struc-
tures. Stridor, grunting, or symptoms consistent with obstruc-
tive sleep apnea may be present when the larynx, trachea, or 
pharynx are involved, respectively. With rapid expansion or 

internal bleeding, macrocystic LMs may cause acute 
 compromise of vital structures. Chronic expansion in the 
head and neck frequently leads to upper aerodigestive symp-
toms such as dysphagia and gradual airway obstruction, 
especially during recumbence. 

 Unlike macrocystic LMs, microcystic LMs are infi ltrative 
in nature. In this condition, small microcystic vesicles pene-
trate soft tissue including skin, muscle, and mucosa [ 122 , 
 123 ]. Non-descript soft tissue swelling and the emergence of 
weeping vesicles in the skin or mucosa often note its pres-
ence. Isolated disease commonly occurs in the tongue, upper 
lip, and larynx (Fig.  5 ). When associated with mixed cervi-
cofacial lesions, microcysts in the tongue and larynx can 
cause acute life-threatening airway obstruction upon deliv-
ery, shortly after birth, or during periods of acute infection 
and swelling (Fig.  6 ) [ 124 ].

    Isolated microcystic LMs rarely cause respiratory obstruc-
tion in the newborn period. However, in the presence of 
 massive cervicofacial disease of mixed or microcystic LM, 
rapid airway compromise may occur, especially during peri-
ods of acute edema [ 124 ]. Upper airway obstruction is exac-
erbated by infi ltrating disease of the tongue and fl oor of 
mouth (Fig.  6 ) [ 123 ,  125 – 127 ]. Laryngeal involvement will 
exacerbate symptoms.  

   Diagnosis 

 Airway endoscopy with offi ce-based fl exible laryngoscopy, 
followed by rigid microlaryngoscopy and bronchoscopy, 
will provide best evidence of the extent of obstruction and its 

  Fig. 4    Infant with venous malformation of facial soft tissue and larynx. The malformation is characterized by blue cutaneous staining (left) and 
enhancing lesion of supraglottis on MRI (right)       
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effect on the airway. Distinct margins of macrocystic LMs 
may also be detected on physical exam and on magnetic res-
onance imaging (MRI), the diagnostic study of choice for 
LMs. An MRI of the head and neck will demonstrate the 
depth of disease and differentiate macrocystic LM from 
more common conditions of the pediatric head and neck. 
Hyperintense lesion on T2 weighted images and air-fl uid 
levels within the lesion are hallmark MRI fi ndings for mac-
rocystic LM [ 128 ]. Frequently mixed lesions are discovered. 
Microcystic and macrocystic lymphatic malformations may 
coexist with deep neck space venous malformations which 
will also be evident on MRI.  

   Management and Multidisciplinary 
Considerations 

 Except in rare cases, LMs ultimately need intervention to 
control symptoms associated with their accumulated lifetime 
growth. Timing of intervention for LMs in infants is depen-
dent upon the acuity of symptoms and dictated by the pres-
ence, or risk of, acute and chronic upper aerodigestive 
dysfunction or pain due to infl ammation. Acute airway 
obstruction, sleep apnea, and dysphagia are the most common 
reasons for intervention in these patients [ 113 ,  118 ,  126 ]. 
Sclerotherapy and surgery constitute the therapeutic approach 
to lymphatic malformations and is typically conducted in a 
multidisciplinary fashion. However, symptom control may 
be best achieved acutely with oral steroids and antibiotics 
that reduce the infl ammation, lymph accumulation, and 
expansion of LMs. 

   Macrocystic Disease 
 A small percentage of isolated macrocystic LMs have been 
reported to spontaneously resolve [ 129 ,  130 ]. Because these 
isolated lesions usually occur in the neck, they rarely cause 
signifi cant dysfunction in the newborn and can be observed 
into early childhood before treatment is considered. 

 Most macrocystic LMs compressing the neonatal airway 
require treatment. In acute situations, needle aspiration of 
the responsible cyst or cysts may alleviate the airway com-
promise until more defi nitive management with either surgi-
cal excision or sclerotherapy is possible. Sclerotherapy is the 
direct injection of agents that cause epithelial damage and 

  Fig. 5    Isolated lymphatic malformation of the supraglottic larynx. 
Lymphatic vesicles are seen on the left pharyngeal wall and vallecula       

  Fig. 6    Cervicofacial microcystic lymphatic malformation with multiple levels of airway obstruction leading to early tracheostomy       
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subsequent disruption of the LM channels. Various materials 
have been employed with equal success including doxycy-
cline, ethanol, sodium tetradodecyl, and OK-432, an immu-
nostimulant derived from Group A streptococci [ 131 – 135 ]. 
With these therapies, dissolution occurs as the result of intra-
vascular injury and luminal absorption by the body. Multiple 
treatment sessions, under radiographic fl uoroscopy, may be 
required for signifi cant reduction in volume using this tech-
nique. Postoperative edema with potentially worsening com-
pression may occur following sclerotherapy. Expectant 
airway management with intubation or intensive care obser-
vation is necessary when treating compressive lesions of the 
neonatal airway. Risk to adjacent nerves ranges from 5 to 
10 % with temporary dysfunction being more common than 
complete injury [ 134 ]. 

 Surgical excision can provide immediate relief of airway 
obstruction caused by macrocystic cervical LMs. The risk of 
injury to important neurovascular structures in the neck is 
real but fortunately rare in experienced hands. Coexistent 
venous malformations may be found during surgical exci-
sion of deep neck LMs. Recurrence, persistent lymphatic 
drainage, and postoperative scarring often occur following 
excision [ 136 ]. These risks are minimized by removing as 
much disease as possible, placing perioperative drains, and 
hiding incisions in natural creases of the neck. 

 Outcomes of surgical excision are not affected by age 
with successful management of head and neck macrocystic 
LMs in the newborn. Small recurrent LMs or seromas that 
occur following excision are best managed with symptom- 
directed sclerotherapy. Routine use of intraoperative intrave-
nous dexamethasone and a short course of postoperative 
systemic steroids are recommended to prevent acute and dra-
matic lymphatic drainage and soft tissue edema that occurs 
following any intervention for LMs. 

 When venous malformations are found in mixed LMs, 
patients need to be screened for local intravascular coagula-
tion. Elevated  D -dimers and low fi brinogen levels indicate a 
coagulation disturbance and may be found in these patients 
prior to intervention. Perioperative management with low- 
molecular weight heparin can reduce the risk of intraopera-
tive disseminated intravascular coagulation and perioperative 
thrombi in patients when these coagulation factors are 
abnormal. 

 Congenital high airway resistance syndrome (CHAOS) 
may occur in the presence of complex cervicofacial LMs at 
birth. If detected during ultrasonography and confi rmed by 
fetal MRI, massive LMs that are expected to obstruct the 
newborn airway at delivery can be managed with ex utero 
intrapartum treatment, also known as the EXIT procedure 
[ 124 ]. This is a specialized surgical delivery of the newborn 
by a multidisciplinary team to manage potentially immediate 
life-threatening conditions at birth [ 137 ]. The newborn is 
delivered by cesarean section with the umbilical cord and 

placenta attached with the goal to deliver oxygen as urgent 
interventions are performed. The team has 1–1.5 h to stabi-
lize the airway and establish adequate respiration to the baby. 
This may require intubation or tracheostomy. Fortunately, 
most infants with macrocystic LMs do not require an EXIT 
procedure as expansion of the lesion is primarily external 
and not towards the airway (Fig.  7 ). If necessary, intubation 
can be performed by an airway specialist. The larynges of 
such patients are typically easy to access. Bilateral mixed or 
microcystic LMs may be more diffi cult when other compres-
sive components are present.

      Microcystic Disease 
 The infi ltrative nature and protracted course of microcystic 
LM make them particularly diffi cult to manage, especially 
when the upper aerodigestive tract is involved. In these 
patients urgent tracheostomy may be required as an infant 
that is thereby followed by periodic and staged treatments. 
Management of the neck, tongue, pharynx, and larynx is 
often necessary to ultimately relieve chronic obstruction. 
Unfortunately, microcystic disease is poorly responsive to 
sclerotherapy, due to the limited retention of sclerosing 
agents in the small cysts. Excision requires desiccation of 
normal tissue since this condition integrates into surrounding 
structures. Unfortunately, high rates of recurrence 
(90–100 %) are also experienced following excision of 
microcystic LM [ 125 ,  138 ]. 

 Nonetheless, the tongue may be addressed with local 
ablative therapy. Infi ltrative disease of the deep musculature 
of the tongue is best controlled by excision or coblation, 
which can reduce signifi cant bulk and relieve obstruction. 

  Fig. 7    Macrocystic lymphatic malformation of neck and chest in an 
infant. The malformation extends externally, but the airway is not 
compromised       
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 Early studies using intralesional bleomycin and 
 doxycycline therapy in the management microcystic lym-
phatic disease have demonstrated promising results [ 138 , 
 139 ]. Direct injections of bleomycin within the involved tis-
sue have led to disease control and symptom improvement in 
some studies [ 139 ]. The risks of these agents are equivalent 
to those with other sclerotherapy tools, including nerve 
injury, pain, incomplete response, and the need for numerous 
treatments. There is theoretically an added risk of pulmonary 
fi brosis when using bleomycin, but this does not likely occur 
at the low doses typically used. The impact of these agents 
on laryngeal disease has not been closely examined. 

 Microcystic LM of the neonatal trachea is unlikely. 
However, early disease involving the larynx may be found 
[ 140 – 142 ]. This is often associated with adjacent pharyngeal 
or hypopharyngeal involvement (Fig.  8 ). Stabilization of 
life-threatening airway symptoms in this setting may be 
 necessary as primary treatment with a tracheotomy [ 140 ]. 
A staging system for laryngeal disease demonstrates the fre-
quent need of tracheotomy in these patients [ 143 ].

   Surgical management of microcystic laryngeal disease 
must be performed in a staged fashion. The carbon dioxide 
(CO 2 ) laser may be used to ablate weeping or bleeding muco-
sal vesicles of the oral cavity, tongue, or pharynx. However, 
precise excision of involved laryngeal tissue is performed 
using the CO 2  laser in cutting mode [ 143 ,  144 ]. When 
employed, the laser is directed to the larynx to remove 
unwanted and obstructive microcystic disease. Unilateral 
treatment with management of the contralateral side at a later 
date will prevent unwanted scarring and worsening obstruc-
tion. This mucosa-sparing approach with partial excision 
of involved supraglottic disease is a complicated proce-
dure and should be performed judiciously by experienced 

 otolaryngologists. Temporary intubation may be required 
postoperatively. Again perioperative steroids will reduce sig-
nifi cant edema associated with interventions directed at LMs.   

   Future Considerations 

 The management of microcystic lymphatic malformations is 
particularly diffi cult. The deep tissue penetration, small 
vesicular cysts, and high recurrence rates of microcystic 
LMs limit the therapeutic benefi t of surgery and sclerother-
apy. Pharmacologic interventions have recently been explored 
for these complicated lesions with limited benefi t. Rapamycin, 
an mTOR inhibitor, and sildenafi l, a phosphodiesterase inhibi-
tor, in particular have been tried with some early reported suc-
cess. Prospective studies are necessary to determine if these 
tools can be truly useful in the search for a cure of microcystic 
disease. Nonetheless, genetic and molecular profi ling may 
help identify new pharmacologic targets in the future.   

   Venous Malformations 

   Epidemiology 

 Due to their rarity, the actual incidence of venous malforma-
tions is unclear. However, based upon the referral pattern to 
a prominent vascular anomalies center, slow-fl ow vascular 
malformations have an incidence of about 1 in 10,000 people 
(0.01 % of population) [ 144 ]. There exists no race predilec-
tion for venous malformation but recent publications suggest 
a female predominance over males of 1.5:1 [ 145 ]. They are 
sporadic in 93 % of affected patients and usually unifocal. 
Approximately 7 % of cases of venous malformations are 
multifocal and associated with inherited forms comprised of 
cutaneomucosal venous malformations (VMCM).  

   Etiology and Pathogenesis 

 Venous malformations (VMs) are rare, low fl ow, slowly pro-
gressive vascular malformations. They are primarily composed 
of small to medium sized ectatic venous channels that coalesce 
to form a vascular mass of poorly draining veins. With time, 
gradual accumulation of blood, loss of vascular elasticity, and 
vascular expansion lead to growth of involved soft tissue. The 
etiology of VMs remains unclear although familial patterns 
and genetic links have been reported in patients with multifo-
cal disease. TIE 2 mutations causing autophosphorylation of 
an endothelial cell specifi c tyrosine kinase are believed to lead 
to cell proliferation and cause VM to intermittently develop 
throughout life [ 144 ]. A second type of inherited multifocal 

  Fig. 8    Posterior and lateral pharyngeal involvement of microcystic 
lymphatic malformation       
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form is the glomovenous malformation (GVM) secondary to a 
glomulin gene mutation and resulting in abnormal differentia-
tion of smooth muscle cells [ 144 ]. In familial cases of venous 
malformations, autosomal inheritance pattern has been 
observed and linked to the 9p locus [ 146 ]. 

 Venous malformations frequently affect the head and 
neck. However, extremity involvement is most common 
(60.9 %) followed by head and neck (32.7 %) and trunk 
(9.8 %). The majority of venous malformations involve the 
integument (skin and subcutaneous tissue) but 50 % of 
lesions invade deeper structures including fat, muscle, bone 
and viscera. In the deep venous malformations, phlebectasia 
is the most common deep venous anomaly and is seen in 
about 40–50 % of patients [ 147 ,  148 ]. 

 Sites commonly involved in the head and neck include 
the parotid gland, submandibular space, buccal space, and 
masseter muscle [ 114 ,  149 ]. Mucosal disease is the norm 
rather than the exception. Venous malformations of the 
tongue, lips, gingiva, cheek, palate, retromolar trigone, 
pharynx, hypopharynx, and larynx have been described and 
are frequently identifi ed in early childhood [ 150 – 152 ]. 
Because of the slow expansion of VMs, they are rarely found 
in the newborn. When present in the airway, they may be 
asymptomatic in the neonatal period. Discovery during 
 surveillance of disease elsewhere in the head and neck is 
common (Fig.  4 ).  

   Diagnosis and Clinical Presentation 

 Laryngeal involvement of VMs can lead to chronic upper 
airway resistance, especially during recumbence as the 
venous channels fi ll with dependency. Inspiratory stridor 
during eating, crying, and agitation may occur. Symptoms 
consistent with sleep apnea such as loud snoring, stertor, 
neck hyperextension, and restlessness are also common 
when supraglottic disease is present [ 149 ]. Acute airway 
obstruction is rare. Dysphagia may be present in infants with 
post-cricoid disease. Head and neck masses that worsen 
with Valsalva and dependency are consistent with deep cer-
vical VMs. Skin involvement will appear as blue telangiec-
tatic vessels (Fig.  4 ). The presence of extensive superfi cial 
or deep neck disease should prompt evaluation of the upper 
aerodigestive tract. 

 Endoscopic exam of the entire airway and MRI of the 
neck will provide the best evidence of mucosal involved 
VMs and their associated deep components. Pupuric to blue 
discoloration of the mucosa that expands with Valsalva or 
recumbence is consistent with venous malformations of the 
airway. Gadolinium enhancement on T1 weighted images is 
a common indicator of VMs on MRI. Focal hypolucencies 
on MRI suggest phleboliths, which are a hallmark sign of 
VMs compared to other vascular anomalies [ 128 ].  

   Management and Multidisciplinary 
Considerations 

 Early intervention for venous malformation of the airway 
includes raising the head of the bed to prevent progressive 
expansion of the venous channels during sleep. Like lym-
phatic malformations, both sclerotherapy and surgical exci-
sion can be employed for deep and superfi cial cervicofacial 
venous malformations with a high degree of success. 
However, management of upper aerodigestive and airway 
venous malformations requires a different approach. 
Sclerotherapy may injure or slough involved mucosa leading 
to profound edema, bleeding, and scarring. Excision of 
aerodigestive lesions requires the removal of involved nor-
mal tissue and can lead to functional defi cits in breathing, 
voice, or swallowing. For these reasons surgery and sclero-
therapy are secondary modalities in the management of 
 neonatal airway venous malformations. 

 An alternative and effective treatment for mucosal and air-
way disease is Nd:YAG laser therapy [ 114 ,  151 ,  152 ]. This 
technique utilizes the process of selective photothermolysis 
to target and injure small to medium sized veins while pre-
serving surrounding normal tissue. The Nd:YAG laser, with a 
wavelength of 1,064 nm, can heat and disrupt anomalous 
veins while preserving the overlying mucosa. The treatment 
is effective up to 7 mm below the mucosal surface. Immediate 
reduction in the size of involved aerodigestive lesions can be 
observed at the time of laser treatment. The reduction from a 
single treatment is often sustained for several months while 
multiple treatments spaced in 3–6 month intervals are often 
required for maximal benefi t and control of symptoms [ 153 ]. 
This approach can be particularly effective for the tongue and 
larynx with preservation of function. Airway complications 
or injury following Nd:YAG therapy have not yet been 
reported. Interstitial laser therapy, by placing the laser deep 
into the tongue musculature has also proven effective. Thus 
the ND:YAG laser therapy of the aerodigestive tract is a 
healthy alternative to excision or sclerotherapy that are at 
higher risk of untoward functional defi cits. 

 Cervicofacial venous malformations that compress the 
 airway but do not directly extend into it can be addressed with 
sclerotherapy, surgical excision, or a combination of these 
modalities. Because of slow and gradual expansion, neck dis-
ease without mucosal involvement will lead to airway obstruc-
tion predominately with recumbence and sleep. Symptoms are 
rarely acute or life threatening in this situation and planned pro-
cedures can be performed at appropriately spaced intervals.  

   Future Considerations 

 Due to their infi ltrative nature, rarely are VMs “cured.” 
Management techniques of laser, surgery, and sclerotherapy 
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reduce disease bulk, improve symptoms, and control disease 
progression. As novel mutations are identifi ed in VMs, 
molecular targets for pharmacotherapy may become evident 
and exploited. Laser therapy and sclerotherapy may then 
selectively destroy VMs by targeted disease specifi c factors 
while reducing risk of injury to be involved and adjacent 
 normal tissue.      
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