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Cervical neck masses, including lymphatic malformation (LM) and teratoma, are 
commonly diagnosed by prenatal imaging. Although often benign, the size and 
location of these masses may encroach on the fetal airway and cause respiratory 
distress and asphyxiation from airway compression at birth. The mass may distort 
the neck structures to such an extent that it becomes extremely difficult to either 
intubate or surgically establish a safe airway.
Advances in prenatal ultrasonography and magnetic resonance imaging (MRI) 
have been effective in diagnosing fetal neck masses, which has had a direct effect 
on prenatal management and fetal outcome. Prenatal imaging allows radiologists 
to identify a potentially fatal airway obstruction before labor and delivery. 
Obstetricians, neonatologists, radiologists, anesthesiologists, and surgeons can 
then develop and discuss with families a comprehensive plan of action for the safe 
delivery of the fetus. 
Increasingly, fetal surgery and the ex utero intrapartum treatment (EXIT) 
procedure are used to manage these complex cases. These procedures were 
designed to provide time to secure an airway while uteroplacental gas exchange 
is preserved. In this study, we describe our institution’s experience with the 
diagnosis and management of fetal cervical neck masses and discuss the efficacy 
of prenatal imaging and the safety of the EXlT procedure in these patients.
Methods
We reviewed our consecutive experience of all fetal patients with cervical teratoma 
and LM between January 2001 and December 2003 at Children’s Hospital, 
Harvard Medical Shool, Boston. Data collected retrospectively, from medical 
records included maternal and fetal demographics (maternal age, antepartum 
complications, and gestational age at diagnosis), indications for referral, results 
of prenatal imaging studies (fetal ultrasonography and MRI), need for surgical 
intervention, and complications.
This study was approved by the institutional review board at Children’s 
Hospital. All patients who were referred to our center underwent detailed fetal 
ultrasonography and MRI. The ultrasonographic assessment included a full fetal 
survey. An additional ultrasonographic evaluation, included views of the facial 
profile, oropharynx, neck, and fetal trachea. The ultrasonographic characteristics 
were classified as primarily solid or fluid filled. If primarily fluid filled, the nature 
of the fluid was assessed as anechoic, complex, and/or septated. Mass vascularity 
was determined with color Doppler ultrasonography. The amount of amniotic 
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fluid and the placental position were also determined.
Fetal MRI was perfonned using a 1.5-T magnet and appropriately chosen coils, 
centered over the pregnant abdomen. Multiple single-shot fast spin-echo T2-
weighted sequences were performed, angled to assess mass position, character 
and airway integrity. No fetal immobilization was necessary. 
Results
The database search generated 8 patients with prenatally diagnosed cervical neck 
masses. Four of the patients were diagnosed as having LM, and 4 were diagnosed 
as having teratoma. Maternal age ranged from 20 to 39, years (average, 28.4 
years). Mothers of fetuses diagnosed as having cervical LM were slightly older 
(average age, 30.3, years) than those of fetuses diagnosed as having cervical 
teratoma (average age, 26.5 years). All of the patients were initially diagnosed as 
having a fetal cervical mass at outside institutions by ultrasonography.
Gestational age at initial diagnosis ranged from 16.6 to 38.7 weeks (average, 27 
weeks). The average gestational age of patients with LM was 26.6 weeks, which 
was similar to the patients with teratoma (average, 27.4 weeks). Overall gestational 
age at delivery was 35.3 weeks (range, 30-38 weeks). Fetuses diagnosed as having 
LM were slightly older at delivery (average gestational age, 37.8 weeks) than 
those diagnosed as having teratoma (average gestational age, 33.4 weeks). Only 1 
fetus was diagnosed as having a medical comorbidity (Down syndrome).
All 4 patients with LM underwent normal vaginal delivery without complications. 
None of the newborns required intubation in the delivery room. All 4 mothers with 
fetal teratomas underwent a successful EXIT procedure without complications. 
Three of the patients required tracheotomy, and 1 was successfully intubated during 
the EXIT procedure. Each of the patients with suspected teratoma underwent 
resection, with a confirmed histopathologic diagnosis of teratoma in all. 
Imaging resullts
All 8 patients underwent ultrasonographic and MRI studies at a tertiary care 
center after a neck mass had been discovered by ultrasonography in an outside 
institution. Ultrasonography and MRl accurately characterized the mass as either 
an LM (n=4) or a teratoma (n=4). Lymphatic malformations were characterized 
as simple fluid collections with internal septations, centered in the subcutaneous 
fatty layer on ultrasonography and MRI. The involved skin included the region 
of the anterior neck (n=1), parotid neck (n=1),and lateral neck (n=2). The mean 
LM was 4.6 X 4.4 X 3.4 cm. None o the LMs seemed to impinge on or deviate 
the fetal trachea.
Teratomas were characterized as complex, primarily solid masses, containing 
visible blood flow on ultrasonography and MRI. The masses that proved to be 
teratomas were positioned in the fetal neck (n=1), oropharynx (n=1), or both (n=2). 
The mean teratoma was 8.3 X 7.3 X 6.7 cm. All of the teratomas obstructed the 
oropharynx (n=1), caused a deviation in the fetal trachea (n=1), or both (n=2). 
Anesthesia management 
The anesthetit management was standardized in the 4 patients who required the 
EXIT procedure. All women received a rapid-sequence induction with thiopental 
sodium, succinylcholine chloride, and fentanyl citrate, followed by endotracheal 
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intubation. Anesthesia was then maintained with 2 to 3 minimal anesthetic con-
centration isoflurane or desfluraI1e in 100% oxygen.1.2 After a low transverse 
hysterotomy and exposure of the fetus, a fetal upper extremity was delivered to 
apply a pulse oximetry probe and to obtain intravenous access.3 Although the fetus 
was anesthetized via placental transfer of maternally administered inhaled anes-
thesia, additional analgesia” and paralysis agents were administered (ie, fentanyl, 
atropine, and vecuronium bromide). Coordination between the surgery, obstetric, 
and anesthesiology teams was crucial to prevent excessive maternal hemorrhage 
from a completely relaxed, uterus.4 No anesthetic complications were noted.
Comment
Congenital anomalies of the head and neck frequently compromise the airway and 
may cause asphyxia after delivery of the new born. Cervical teratoma and LM are 
2 of the most common congenital lesions that may present with airway obstruction 
at delivery. In addition to airway obstruction, these lesions may cause compression 
of the esophagus, resulting in polyhydramnios, uterine irritability, and preterm 
labor. Depending on the size and location of the mass, these anomalies may have 
a mortality of 80% to 100%.5 
In the past decade, with advances in fetal ultrasonography and MRI, a host of 
fetal anomalies, including cervical neck masses, can be identified in the first 
trimester. Lymphatic malformations and teratomas have specific ultrasonographic 
and MRI characteristics that permit their accurate prenatal diagnosis. Lymphatic 
malformations are often characterized as simple fluid collection with internal 
septations, centered in the subcutaneous fatty layer on ultrasonography and MRI. 
Teratomas are characterized as complex primarily solid masses, containing visible 
blood flow on ultrasonography and MRI. Because of the advances in prenatal 
imaging, the nature of these lesions and their, 
proximity to surrounding vital neck structures, such as the trachea, can be 
evaluated to determine airway patency or compression. This information provides 
the opportunity for proper intervention to prevent a fatal outcome. 
Fetal surgery
In 1963, Sir William Liley performed the first successful fetal procedure, 
consisting of an intraperitoneal blood transfusion to a fetus affected with 
erythroblastosis fetalis.6 In the 
past 2 decades, fetal surgery 
has become popularized in 
the management of congenital 
anomalies that may lead to 
complications at delivery.7-10

The indications for fetal 
surgery are evolving (Table 
1). In general, fetal therapy 
or surgery is indicated when 
the risk of death or severe 
disability to the fetus is greater 
than no intervention and the 

                  Disease  Indication

Thoracic
Congenital diaphragmatic hernia Liver in chost
Congenital cystic adenomatoid Hydrops

 malformation
 Pulmonary sequestration Hydrops
Airway obstruction

Giant neck mass Airway obstruction
Congenital high airway obstruction Hydrops

Cardiac
Third-degree heart block Ventricular response<45

Urological
Bladder outlet obstruction Oligohydramnios
Sacrococcygeal teratoma High-output heart failure

Table 1. Indications for Fetal Surgery
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risk to the mother remains low.2 Conditions such as maternal polyhydramnios 
or oligohydramnios should raise the suspicion for fetal disease, which leads to 
futher investigation. Contraindications to perform fetal surgery include a disabling 
or lethal structural and/or genetic abnormality in the fetus or a serious medical 
disease in the mother. 
Fetal airway obstruction is a common reason for fetal surgery. While generally 
caused by compression of a giant neck mass such as a cervical teratoma or an 
LM, fetal airway obstruction can also be due to intrinsic defects in the larynx or 
trachea. These latter abnormalities fall under the clinical syndrome of congenital 
high airway obstruction syndrome. Some cases of congenital high airway 
obstruction syndrome include laryngeal web laryngeal cyst, laryngeal atresia, and 
tracheal atresia.11-12 When airway obstruction is suspected, an EXIT procedure 
at delivery can provide the needed time to secure the fetal airway. The EXIT 
procedure was designed initially for reversal or mechanical tracheal occlusion, 
performed in fetuses with severe congenital diaphragmatic hernias.13 It provides an 
optimal controlled enviromnent to reverse the tracheal occlusion while receiving 
uteroplacenta1 circulation. Because of the success of the EXIT procedure and the 
prolonged stable fetal hemodynamic condition it provided, it has been used in the 
management of fetal neck masses causing airway obstruction.14-16 

The EXIT procedure entails delivering the fetal head through a controlled 
hysterotomy and managing the air way while fetal gas exchange is maintained via 
the placenta. Deep inhalational anesthesia is used to maintain uterine relaxation 
and preserve uteroplacental gas exchange. This is in contrast to a cesarean delivery 
performed under general anesthesia, in which the major goals are to minimize the 
time from anesthesia to cord clamping and to decrease the exposure of the fetus 
to inhalational anesthetics.2 
For optimal outcome of the EXIT procedure, the anesthesiologist must ensure 
adequate fetal anesthesia, and equate fetal oxygenation, and uterine relaxation. 
In general, the fetal gas exchange can be supported by ex utero placental 
circulation for 60 minutes. This strategy will provide enough, time to attempt 
laryngoscopy, bronchoscopy, or possibly resection of a neck mass to, secure the 
airway by intubation or tracheotomy. After the newborn’s airway is secured, the 
umbilical cord is clamped and delivery is completed. The EXIT procedure is 
scheduled as close to term gestation as possible to avoid the problems, associated 
with prematurity.2 There are several potential risks to the mother. that can be 
minimized through proper coordination between the surgeon, obstetrician, and 
anesthesiologis. These include, uterine atony and placental abruption, both of 
which may result in maternal hemorrhage. 14 
Fetal imaging
Fetal imaging allows accurate assessment of the nature and position of neck 
masses in fetuses. Ultrasonography is readily available and relatively inexpensive. 
Its real-time assessment of fetal breathing efforts and tissue characterization 
is often diagnostic in itself.17 In addition, it is sometimes possible to diagnose 
tracheal position, particularly with the aid of color, Doppler ultrasonography.18 
Doppler ultrasonography allows distinction between flowing blood vessels and 
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the fluid-filled trachea. The more mature the fetus, however, the more difficult 
tracheal visualization becomes with ultrasonography, because the growing mass 
and fetal skull and mandibular ossification may obscure tracheal visualization. 
Fetal MRI, on the other hand, reveals more detailed airway structures as the 
pregnancy progresses. The mainstay of fetal MRI is the fast spin-echo T 2-
weighted sequence.19-21 With this technique, the highsignal fluid that fills the fetal 
trachea makes airway structures conspicuous and can even allow visualization 
of the palate and piriform sinuses. If the airway seems encased or deviated 
by a neck mass, the position. and contour of the trachea can be carefully and 
precisely defined by fetal MRI. With predelivery mapping of tracheal structures 
in a controlled environment, airway control can be planned and likely sites for a 
successful tracheotomy, if necessary, can be determined ahead of the time.
Fetal anesthesia 
Anesthesia for fetal surgery involves the fetus and the mother. This differs from 
the anesthesia that is required for maternal surgery or fetal therapy. 2 The mother 
is the only active recipient during the maternal surgery (cesarean delivery), and 
the fetus is the only active recipient during the fetal therapy (blood transfusion 
and amniotic fluid reduction). Therefore, successful fetal surgery is dependent on 
safe and adequate anesthesia for the mother and the fetus, who are both the active 
recipients during the surgery.2

The anesthesia for fetal surgery is based on maternal, fetal, and uteroplacental 
factors. It is of primary importance to ensure complete uterine relaxation 
throughout the duration of uteroplacental support to the fetus. It is also essential 
to preserve the maternal-fetal gas exchange at the placental interface to ensure 
fetal oxygenation and avoid potentially life-threatening hypoxemia. All inhaled 
anesthetics cross the placenta. Fetal uptake depends on uterine blood flow, the 
solubility of the drug in fetal blood, and the fetal distribution of the drug. Of all 
factors ensuring the overall success of the fetal surgery, minimal uterine vascular 
resistance is the most important because decreases in uterine blood flow would 
cause fetal hypoxemia, acidosis, and potential fetal death.
Conclusion
In conclusion, congenital abnormalities in the head. and neck may cause airway 
obstruction in the newborn, requiring immediate intervention. In the past, many 
newborns succumbed to airway obstruction because of the inability to establish a 
safe airway at delivery. Technological advances in prenatal ultrasonography and 
MRI have improved the ability to diagnose congenital abnormalities in utero 22. 
This allows for proper assessment of the airway to prevent any unexpected prob-
lems at delivery. We believe that many of the airway emergencies can be avoided 
by prenatal imaging and initiation of airway management in the prenatal period.

V Manual IAPO ingles FIM.indd   42V Manual IAPO ingles FIM.indd   42 8/28/06   11:17:59 PM8/28/06   11:17:59 PM



43 V IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY�

References

1. Myers LB. Anesthesia for the EXIT procedure. In: Myers LB, Bulich LA, eds. 
Anesthesia for Fetal lntervention and Surgery. Burlington. Ontario: BC Decker 
Inc: 2005:159-177. 

2. Myers LB, Cohen D. Galinkin J, Gaiser R, Kurth CD. Anaesthesia for fetal 
surgery. Paediatr Anaesth. 2002:12:569-578.

3. Gaiser RR. Cheek TG, Kurth CD. Anesthetic management of cesarean delivery 
complicated by ex utero intrapartum treatment of the fetus. Anesth Analg. 
1997; 84:1150-1153.

4. Gaiser RR, Kurth CD, Cohen D, Crombleholme T. The cesarean delivery of a 
twin gestation under 2 minimum alveolar anesthetic concentration isoflurane: 
one normal and one with a large neck mass. Anesth Analg. 1999;88:584-586. 

5. Romero R. Glanluigi P, Jeantry P. et al. Prenatal Diagnosis of Congenital 
Anomalíes. New York, NY: Appleton & Lange; 1988.

6. Liley AW.lntrauterine transfusion of foetus in haemolytic disease. BMJ. 
1963;5365: 1107-1109.

7. Harrison MR. Globus MS, Filly RA. Management of the fetus wilh a 
correctable congenital defect. JAMA. 1981;246:774-777.

8. Harrison MR, Globus MS. Filly RA, et al. Fetal surgical treatment. Pediatr 
Ann. 1982:11:896-899.

9. Harrison MR. Adzick NS, Longaker MT, et al. Successful repair in utero of a 
fetal diaphragmatic hernia after removal of viscera from the left thorax. N Engl 
J Med. 1990;322:1582-1584.

10. Harrison MR. Fetal surgery. Am J Obstet Gynecol. 1996;174:1255-1264.
11. Liechty KW, Crombleholme TM. Management of fetal airway obstruction. 

Semin Peritol. 1999;23:496-506.
12. Adzick NS, Harrison MR, Crombleholme TM, et al. Fetal lung lesions: 

management and outcome. Am J Obstet Gynecol. 1998;179:884-889.
13. Mychaliska GB, Bealer JF, Graft JL, et al. Operating on placental support: the 

ex utero intrapartum treatment procedure. J. Pediatr Surg. 1997;32-227-231.
14. Liechty KW, Crombleholme TM, Flake AW, et al. Intrapartum airway 

management for giant fetal neck masses: the EXIT (ex utero intrapartum 
treatment) procedure. Am J Obstet Gynecol. 1997;177:870-874.

15. Skarsgard ED, Chitthara U, Krane EJ, et al. The OOPS (Operation on placental 
support): in utero airway management of the fetus with prenatally diagnosed 
tracheal obstruction. J Pediatr Surg. 1996;31:826-828.

16. Bouchard S, Johnson MP, flake AW, et al. The EXIT procedure: experience 
and outcome in 31 cases. J. Pediatr Surg. 2002;37:418-426.

17. Shipp TD, Bromley B, Benacerra B. The ultrasonographic appearance and 
outcome for fetuses with masses distorting the fetal face. J Ultrasound Med. 
1995;14;673-678.

V Manual IAPO ingles FIM.indd   43V Manual IAPO ingles FIM.indd   43 8/28/06   11:18:00 PM8/28/06   11:18:00 PM



44 V IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY�

18. Kalache KD, Franz M, chaouí R, Bollmann R. Ultrasound measurements of 
the diameter of the fetal trachea, larynx and pharynx throughout gestation 
applicatibility to prenatal diagnosis of obstructive anomalies of the upper 
respiratory-digestive tract. Prenat Diagn. 1999;19:211-218.

19. hubbard AM., Crombleholme TM, Adzick NS. Prenatal MRI evaluation of 
giant neck masses in preparation for the fetal exit procedure. Am J Perinatol. 
1998;15:253-257.

20. Kathary N, Bulas DI, Newman KD, Schonberg RL. MRI Imaging of fetal neck 
masses with airway compromise. Utility in delivery planning. Pediatr Radiol. 
2001;31:727-731.

21. Coakley FV, Glenn OA, Qayyum A, Barkovich AJ, Goldstein R, Filly RA. 
Fetal MRI: a developing technique for the developing patient. AJR Am J 
Roentgenol. 2004;182:243-252.

22. Rahbar R, Vogel A, Myers LB et cols. Fetal Surgery in Otolaryngology. Arch 
Otolaryngol Head and Neck Surg. 2005;131:393-398.

V Manual IAPO ingles FIM.indd   44V Manual IAPO ingles FIM.indd   44 8/28/06   11:18:00 PM8/28/06   11:18:00 PM




