Airway Management in Patients
with Robin Sequence

11

Kevin D. Han, Mitchel Seruya, Diego A. Preciado,

and Albert K. Oh

Abbreviations

CNMC Children’s National Medical Center

CPT Current Procedure Terminology

ICD -9 International Classifications of
Diseases Version 9

LOS Length of hospital stay

NPA Nasopharyngeal airway

RS Robin sequence
SPSS Statistical Program for Social Sciences
TLA Tongue-lip adhesion

K.D. Han, M.D. « M. Seruya, M.D.

Department of Plastic Surgery, 1PHC,

Georgetown University Hospital,

3800 Reservoir Rd, NW, Washington, DC 20007, USA
e-mail: kdh8 @gunet.georgetown.edu; mseruya@cnmc.org

D.A. Preciado, M.D., Ph.D.

Department of Otolaryngology, Pediatrics,

and Integrative Systems Biology,

The George Washington University School of Medicine,
Washington, DC, USA

Division of Pediatric Otolaryngology, Department of
Otolaryngology, Children’s National Medical Center,
111 Michigan Ave NW, Washington, DC 20010, USA
e-mail: dpreciad @cnmc.org

A K. Oh, M.D. (B<)

Department of Surgery and Pediatrics,

The George Washington University School of Medicine,
Washington, DC, USA

Department of Plastic and Reconstructive Surgery,
Children’s National Medical Center,

111 Michigan Ave NW 4th floor West Wing,
Washington, DC 20010, USA

e-mail: aoh@cnmc.org

S. Berkowitz (ed.), Cleft Lip and Palate,

11.1 Introduction

Robin sequence (RS), the clinical triad of
micrognathia (small jaw), glossoptosis (downwardly
displaced tongue), and upper airway obstruction,
affects approximately 1 in 8,500 births (Bush and
Williams 1983; Sadewitz 1992). Cleft palate is also
noted in up to 90.4 % of patients (Caouette-Laberge
etal. 1994). Infants may present with a wide pheno-
typic variability, ranging from infrequent episodes
of airway obstruction and/or feeding difficulty
to severe crises of asphyxia and failure to thrive
(Marques et al. 2001). The latter group of patients
is at particular risk for hypoxic brain damage,
impaired mental development, pulmonary hyper-
tension, aspiration pneumonia, and failure to thrive
(Tomaski et al. 1995; Hoffman et al. 1965; Kapp-
Simon and Krueckeberg 2000). Despite advances in
critical care medicine, mortality is not inconsequen-
tial and ranges from O to 13.6 % (Sadewitz 1992;
Marques et al. 2001; Caouette-Laberge et al. 1994,
Cruz et al. 1999; Dykes et al. 1985). Such high
morbidity and mortality have been attributed to late
diagnosis, delayed airway protection, and multisys-
tem disorder. Furthermore, care of infants with RS
can require prolonged hospitalization, with aver-
ages ranging from 10 to 60 days and translate into
increased costs (Bull et al. 1990; Cruz et al. 1999;
Matsas et al. 2004; Wagener et al. 2003).

Several modalities have been proposed to
address airway obstruction in infants with RS.
Options range from conservative management,
namely, prone positioning, nasopharyngeal air-
way (NPA) placement, and orthopedic devices to

279

DOI 10.1007/978-3-642-30770-6_11, © Springer-Verlag Berlin Heidelberg 2013



280

K.D.Han et al.

operative interventions, including subperiosteal
release of floor of mouth, tongue-lip adhesion
(TLA), tracheostomy, and mandibular distraction
osteogenesis (lengthening of the mandible).

The decision on how to manage these infants is
often based on the experiences of the provider and
the practices at a particular center. Therefore, it is
not surprising to see the management of such
infants continues to be controversial. Prior studies
have attempted to establish evidence-based param-
eters to help clinicians to devise management plans
for these infants. Typically, the management of
infants with RS focuses on avoiding tracheostomy
either conservatively or surgically, providing ade-
quate respiration and nutrition and preventing long-
term sequelac and death. However, by bypassing
the obstruction, tracheostomy remains the most
definitive treatment for infants with severe respira-
tory obstruction that is not compatible with life.

Although it is known that tracheostomy in these
infants is a long-term commitment with a reported
average age of 3.1 years at decannulation (Tomaski
et al. 1995; Moyson 1961; Sadewitz 1992), studies
on the chronology of decannulation in patients with
RS are lacking overall. It is still unclear whether
natural “mandibular growth” and time allow for
decannulation in patients without further interven-
tion can occur. As part of an overall institutional
effort to establish evidence-based guidelines for
surgical intervention in patients with RS, we pres-
ent here a cohort of patients with severe upper
airway obstruction treated with tracheostomy to
determine length of time for decannulation without
further surgical intervention (i.e., “natural” decan-
nulation) and to investigate potential factors associ-
ated with successful “natural” decannulation.

11.2 Methods

The records were reviewed for patients who
underwent primary airway management at
Children’s National Medical Center (CNMC)
from 1994 to 2010. All study subjects were
identified within the accounting departments of
Otolaryngology and Plastic and Reconstructive
Surgery using International Classifications of
Diseases Version 9 (ICD-9 524.00, 524.06, and

524.10) related to diagnosis of anomaly of jaw
size and Current Procedure Terminology (CPT
41510, 20690/20692, and 31600/31603/31605)
which include tongue-lip adhesion (TLA), man-
dibular distraction, and tracheostomy.

Inclusion criteria were patients with docu-
mented micrognathia, glossoptosis, and respira-
tory obstruction who have received a tracheostomy
at Children’s National Medical Center. The fol-
lowing children were excluded: (a) respiratory
difficulties other than upper airway obstruction,
(b) patients who were treated at CNMC but with
missing or incomplete medical records, and (c)
patients of CNMC but who have received definitive
airway management at another hospital.

Within the subset of the patients who have
received tracheostomy, their demographics, nutri-
tional and respiratory status, laboratory values,
and polysomnographic (sleep) studies were
reviewed. Perioperative and postoperative com-
plications include tracheitis (inflammation of the
trachea), pneumonia, breakdown, stoma infec-
tion, hematoma, reoperation, and finally long-
term outcomes such as developmental delay,
organ systems dysfunction (neurogenic, gastroin-
testinal, and/or cardiopulmonary), and death were
recorded. Finally, the timing of events was inves-
tigated. Length of hospital stay (LOS) subdivided
into pre-tracheostomy, postoperative hospital
stay, and total length of hospital stay was noted.
The duration of tracheostomy to “natural” decan-
nulation was also recorded.

Data were analyzed with Statistical Program
for Social Sciences (SPSS) version 16.0 software
(Chicago, IL) and Microsoft Excel version 2008
software (Redmond, WA). Univariate analysis
included chi-squared and Fisher’s exact tests for
contingency data. Kaplan—Meier curves with log-
rank (Mantel-Cox) test were used to estimate the
percent of patients on tracheostomy as a function
of a time.

11.3 Results

Of 61 infants with RS, 25 infants received a
tracheostomy. The other 36 infants were man-
aged with lateral/prone positioning, noninvasive
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61 RS Patients with obstructive events

36 Managed with positioning,
non-invasive airways, or TLA

25 Required Tracheostomy

|11 Syndromic RS| 14 Isolated RS

Fig. 11.1 Of 61 patients with obstructive events, 25
required tracheostomy, of which 11 were syndromic
(Stickler syndrome (a group of genetic disorders affecting
connective tissue), Treacher Collins (congenital craniofa-
cial syndrome), and others) and other 14 patients had iso-
lated Robin sequence

Robin Patients Treated with Tracheostomy

20%
Stickler
Treacher collins
m Other
Isolated

4%

56%

Fig. 11.2 Of 25 patients treated with tracheostomy, 44 %
(11 cases) were syndromic, of which 45 % (5 cases) was
either Stickler or other syndromes and 10 % (1 case) was
Treacher Collins and the other 56 % (14 cases) had iso-
lated RS

oxygen supplement, or TLA in Fig. 11.1.
Among the cohort requiring tracheostomy, 14
patients (56 %) were isolated and 11 patients
(44 %) were syndromic as shown in Fig. 11.2.
Overall, the median time to decannulation was
97 months in Fig. 11.3. The few patients with
syndromic RS who were successfully decan-
nulated required a median time >73 months as
compared to patients with isolated RS who had
a median time to decannulation of 19 months in
Fig. 11.4. In total, 13 out of 25 infants (52 %)
were successfully decannulated without fur-
ther surgical intervention; only two patients
were syndromic and the remaining 11 patients
were isolated.
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Fig. 11.3 Of 25 infants treated with tracheostomy, 13
infants (52 %) were eventually decannulated with median
time to decannulation of 97 months

At mean follow-up of 4 years, the rate of
tracheostomy-specific complications (e.g., cannula
obstruction or accidental decannulation, delays in
speech and language development, tracheomalacia
(flaccidity of the tracheal support cartilage)/
tracheitis, pneumonia) was 52 % and tracheostomy-
specific mortality was 8 %. Patients with syndromic
RS stayed in the hospital significantly longer than
patients with isolated RS (50 versus 28 days,
respectively). There was one death in each group;
however, patients with syndromic RS had
significantly more events of end-organ dysfunction
(neurogenic, gastrointestinal, and/or cardiopulmo-
nary) per patient than patients with isolated RS
(2.08 versus 0.69, p=0.005).

11.4 Discussion

Based upon the literature, approximately 2/3 of
patients with RS can be successfully managed
with conservative therapies (Kochel et al. 2011;
Gozu et al. 2010; Evans et al. 2006; Horikiri et al.
2010). Prone positioning is often sufficient in less
severely affected patients but may result in pro-
longed hospitalization (Kochel et al. 2011; Sher
1992; Bhat et al. 2006). NPA can be effective in
during the early clinical course to avoid emergent
tracheostomy, but difficultly maintaining proper
position for an extended period of time has lim-
ited its use (Chang et al. 2000; Sher 1992; Kochel
etal.2011;Mastersetal. 1999; de Buys Roessingh
et al. 2007). Lastly, orthopedic devices have been
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Fig. 11.4 Patients with syndromic RS had a median
time to decannulation of >73 months versus patients
with isolated RS had a median time to decannulation
of 19 months, p=0.019

tried with success in a few small studies but these
devices are often expensive (Hotz and Gnoinski
1982; Buchenau et al. 2007; Kochel et al. 2011).
More recently, Kochel et al. described the usage
of newer orthopedic devices as another noninva-
sive way to treat upper airway obstruction. Three
major types (plate with a posterior wire spur,
plate with a posterior acrylic extension, and plate
with a pharyngeal tube) of orthopedic devices
were used in seven patients based on their mecha-
nisms of the obstruction (Sher’s classifications;
see Sect. 11.4). All of the seven patients had nor-
mal oxygen saturation upon discharge and at the
end of study period, five out seven patients toler-
ated the removal of the orthopedic devices
(Kochel et al. 2011).

Surgical modalities such as glossopexy or
TLA, mandibular distraction, mandibular exten-
sion, and subperiosteal release of floor of mouth
muscle have been studied extensively for their
effectiveness in avoiding or delaying tracheo-
stomy, improving polysomnographic results,
facilitating feeding, and bypassing or correct-
ing the anomalous anatomy. TLA, subperiosteal
release of floor of mouth muscle, and mandibular
distraction have been described most frequently
in the recent literature. TLA temporarily bypasses
the obstruction by creating a stable airway with
reported success rates between 70 and 100 %
(Denny et al. 2004; Bijnen et al. 2009; Kirschner
et al. 2003). Dehiscence (breaking down of the
incision) still ranges between 0 and 57 % with a

mean of 30 % (Sher 1992; Marques et al. 2001;
Bookman et al. 2011). Based on a few studies, the
need for a secondary invasive airway procedure
such as tracheostomy after subperiosteal release
ranges between 10 and 100 % (Delorme et al.
1989; Caouette-Laberge et al. 1996; Breugem
et al. 2008; Siddique et al. 2000). Mandibular dis-
traction has been shown to improve polysomno-
graphic outcome, to avoid or delay tracheostomy,
and to expedite decannulation of a tracheostomy
(Scott et al. 2011; McCarthy et al. 1992; Denny
et al. 2001; Lin et al. 2006; Schaefer et al. 2004;
Schaefer and Gosain 2003). Nevertheless, com-
plications such as infection, device failure, and
nonunion occur from 2.5 to 52 % (Caouette-
Laberge et al. 1994; McCarthy et al. 2002; Shetye
et al. 2009). One large retrospective review of 141
infants with RS who underwent mandibular dis-
traction reported a 52 % overall complication rate
with a 5 % major complication rate — a complica-
tion that necessitated a secondary invasive therapy
(Shetye et al. 2009).

Indications for surgical airway management
are also highly debated. While many clinicians
rely on a “gestalt” impression of airway obstruc-
tion, some have proposed data-driven clinical
parameters for airway management. Caouette-
Laberge et al. and Cole and colleagues proposed
grading systems based on the settings of respira-
tory obstruction (Caouette-Laberge et al. 1994;
Cole et al. 2008). Caouette-Laberge grouped
125 infants with RS into three categories: (1)
adequate respiration in prone position and regu-
lar bottle-feeding, (2) adequate respiration in
prone position and difficulty with feeding, and
(3) endotracheal intubation (Caouette-Laberge
et al. 1994). Parsons and Smith provided rule
of thumb criteria for TLA in infants with RS;
those who had progressive weight/strength gain
over a 7-day period did not require TLA, while
those infants who needed more than 3 days of
endotracheal airway support should receive TLA
(Parsons and Smith 1982). Freed et al. reported on
the use of bedside monitoring and polysomnog-
raphy to objectively guide airway management
for infants with RS (Freed et al. 1988). Criteria
for TLA included (1) an average transcutaneous
O, level below 60 mmHg or transcutaneous CO,
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Fig. 11.5 MIST criteria for
surgical airway management
of patients with Robin
sequence (RS)

* Maximum CO, > 62 mm Hg

» Apnea-hypopnea Index > 23.0 events/hr

» Minimum oxygen Saturation < 79.4%

» Total sleep Time with O, saturation less then 90% > 5.7%

level over 50 mmHg for a minimum of 8 h, (2)
obstructive episodes on sleep study, and (3) oxy-
gen saturation below 80 %.

More recently, Rogers et al. described the
GILLS scoring system where one point was
assigned to each of the five variables: gastroe-
sophageal reflux, intubation preoperatively, /ate
operation, low birth weight, and syndromic diag-
nosis. TLA was 100 % successful in infants with
a GILLS score of 2 or less but failed in 43 % of
infants with a score of 3 or more (Rogers et al.
2011). Sher detailed the use of flexible fiber optic
endoscopy to guide the form of surgical treatment
in infants with RS failing conservative measures.
Based upon nasopharyngoscopy and identification
of the site of obstruction, infant airways were
classified into four groups. Type I represented
airway obstruction solely due to glossoptosis,
while types II-IV had additional components of
obstruction. Regardless of airway classification,
all patients were initially treated with NPA place-
ment for up to 8 weeks. If conservative therapy
failed, type I patients received TLA and types
II-IV underwent tracheostomy (Sher 1992).
Schaefer et al. described an algorithm for
approaching respiratory and nutritional dysfunc-
tion in infants with RS. Management decisions
were based upon the ability to maintain progress
on the growth curve, continuous pulse oximetry
and bedside polysomnography, and the site of
airway obstruction (Schaefer et al. 2004). Finally,
data from our own institution (Fig. 11.5) from a
retrospective review of airway management in
patients with RS from 1994 to 2010 found that
four clinical factors (MIST criteria) were most
associated with surgical airway management:

maximum CO,>62 mmHg, apnea-hypopnea
index (index of sleep apnea severity)>23.0
events/h, minimum O, saturation<79.4 %, and
greater than 5.7 % total sleep time with O, satura-
tion less than 90 %. Each of these parameters
identified operative intervention with 75-85 %
accuracy (Seruya et al. 2011).

Despite the various procedures described for
surgical airway management, tracheostomy
remains the most definitive treatment for infants
with severe respiratory obstruction that is not
compatible with life. In many cases, tracheos-
tomy is believed to be a temporary measure until
“natural” mandibular growth permits decannula-
tion. The topic of mandibular growth in patients
with RS has been heavily debated yet remains
poorly defined. Some authors have documented
diminished mandibular size and proportions
compared age-adjusted norms while others have
cited evidence to the contrary (Shen et al. 2010;
Hermann et al. 2003; Daskalogiannakis et al.
2001; Figueroa et al. 1991). Rogers et al. found
that mandibular length was shorter in all patients
with RS irrespective of the type of airway
management, and the differences in both man-
dibular length and sagittal position varied
significantly among all the syndromic subtypes
(Rogers et al. 2009). Maalouf et al. found that
60 % of patients who received bilateral mandibu-
lar distraction maintained proportionate facial
symmetry at the median follow-up time of
57 months; mandibular size, however, was not
evaluated (Maalouf and Lehman 2011). Finally,
Pruzansky and Richmond demonstrated the
opportunity for “catch-up” growth of the mandi-
ble without the need for invasive procedures aside
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from a temporary tracheostomy (Pruzansky and
Richmond 2005). Overall, these studies highlight
the phenotypic heterogeneity of patients with RS,
which may stem from the dissimilar mandibular
growth kinetics of isolated versus syndromic
patients.

In our retrospective study of 61 infants with
RS, 25 patients required tracheostomy (14 cases of
isolated RS and 11 cases syndromic RS). This is
one of the largest published cohorts of RS children
with tracheostomy that have been followed to ana-
lyze rates of eventual decannulation due to man-
dibular growth without other ancillary surgical
interventions. The median time to decannulation
in our cohort was longer (97 months) than what
other smaller series have reported (Tomaski et al.
1995; Demke et al. 2008). Patients with syndromic
RS largely contributed to this extended time
course, as most of them could not be decannulated
by the completion of the study. Outcomes follow-
ing tracheostomy were significantly poorer in
patients with syndromic RS as compared to those
with isolated RS: patients with syndromic RS had
longer hospital stay and more long-term complica-
tions as compared to patients with isolated RS.

Summary and Conclusion

Airway management in patients with RS and
severe airway obstruction remains controver-
sial. The benefits of various surgical airway
procedures, as well as indications for inter-
vention, are unclear and based upon imperfect
data. Our experience with these complex
patients has documented some factors associ-
ated with the need for surgical intervention,
but these criteria await validation in a random-
ized prospective trial. We have also found that
although tracheostomy was intended to be a
temporary airway for these patients, the time
to natural decannulation was longer than
expected. This may be partially explained by
the mandible’s inability to “catch up” in
growth, especially in syndromic patients. We
are planning further study into these issues by
means of a prospective trial that will incorpo-
rate serial lateral cephalograms to document
mandibular growth as well as offer mandibu-

lar distraction as a surgical modality to patients
with severe airway obstruction. Based on our
experience, we believe that all potential treat-
ment options should be exhausted before
offering tracheostomy to syndromic patients
with Robin sequence.

Financial Disclosure Information The authors have no
financial or commercial interests to disclose.

Conflict of Interest
None

References

Bhat RY, Hannam S, Pressler R, Rafferty GF, Peacock JL,
Greenough A (2006) Effect of prone and supine posi-
tion on sleep, apneas, and arousal in preterm infants.
Pediatrics  118(1):101-107.  doi:118/1/101  [pii]
10.1542/peds.2005-1873

Bijnen CL, Don Griot PJ, Mulder WJ, Haumann TJ, Van
Hagen AJ (2009) Tongue-lip adhesion in the treatment
of Pierre Robin sequence. J Craniofac Surg 20(2):315-
320. doi:10.1097/SCS.0b013e31819ba5ce

Bookman LB, Melton KR, Pan BS, Bender PL, Chini BA,
Greenberg JM, Saal HM, Taylor JA, Elluru RG (2011)
Neonates with tongue-based airway obstruction: a sys-
tematic review. Otolaryngol Head Neck Surg.
doi:0194599811421598 [pii] 10.1177/0194599811421598

Breugem CC, Olesen PR, Fitzpatrick DG, Courtemanche DJ
(2008) Subperiosteal release of the floor of the mouth in
airway management in Pierre Robin sequence. J Craniofac
Surg19(3):609-615.doi: 10.1097/SCS.0b013e31816aab0b
00001665-200805000-00009 [pii]

Buchenau W, Urschitz MS, Sautermeister J, Bacher M,
Herberts T, Arand J, Poets CF (2007) A randomized
clinical trial of a new orthodontic appliance to improve
upper airway obstruction in infants with Pierre Robin
sequence. J Pediatr 151(2):145-149. doi:S0022-
3476(07)00234-X [pii] 10.1016/j.jpeds.2007.02.063

Bull MJ, Givan DC, Sadove AM, Bixler D, Hearn D
(1990) Improved outcome in Pierre Robin sequence:
effect of multidisciplinary evaluation and manage-
ment. Pediatrics 86(2):294-301

Bush PG, Williams AJ (1983) Incidence of the Robin
Anomalad (Pierre Robin syndrome). Br J Plast Surg
36(4):434-437. doi:0007-1226(83)90123-6 [pii]

Caouette-Laberge L, Bayet B, Larocque Y (1994) The
Pierre Robin sequence: review of 125 cases and evolu-
tion of treatment modalities. Plast Reconstr Surg
93(5):934-942

Caouette-Laberge L, Plamondon C, Larocque Y (1996)
Subperiosteal release of the floor of the mouth in
Pierre Robin sequence: experience with 12 cases. Cleft
Palate Craniofac J 33(6):468—472


http://dx.doi.org/118/1/101 [pii] 10.1542/peds.2005-1873
http://dx.doi.org/118/1/101 [pii] 10.1542/peds.2005-1873
http://dx.doi.org/10.1097/SCS.0b013e31819ba5ce
http://dx.doi.org/0194599811421598 [pii] 10.1177/0194599811421598
http://dx.doi.org/10.1097/SCS.0b013e31816aab0b 00001665-200805000-00009 [pii]
http://dx.doi.org/10.1097/SCS.0b013e31816aab0b 00001665-200805000-00009 [pii]
http://dx.doi.org/S0022-3476(07)00234-X [pii] 10.1016/j.jpeds.2007.02.063
http://dx.doi.org/S0022-3476(07)00234-X [pii] 10.1016/j.jpeds.2007.02.063
http://dx.doi.org/0007-1226(83)90123-6 [pii]

11 Airway Management in Patients with Robin Sequence

285

Chang AB, Masters IB, Williams GR, Harris M, O’Neil MC
(2000) A modified nasopharyngeal tube to relieve high
upper airway obstruction. Pediatr Pulmonol 29(4):
299-306.  doi:10.1002/(SICI)1099-0496(200004)29:4
<299::AID-PPUL10>3.0.CO;2-U [pii]

Cole A, Lynch P, Slator R (2008) A new grading of Pierre
Robin sequence. Cleft Palate Craniofac J 45(6):603—
606. doi:07-129 [pii] 10.1597/07-129.1

Cruz MJ, Kerschner JE, Beste DJ, Conley SF (1999) Pierre
Robin sequences: secondary respiratory difficulties and
intrinsic feeding abnormalities. Laryngoscope 109(10):
1632-1636. doi:10.1097/00005537-199910000-00016

Daskalogiannakis J, Ross RB, Tompson BD (2001) The
mandibular catch-up growth controversy in Pierre
Robin sequence. Am J Orthod Dentofacial Orthop
120(3):280-285. doi:S0889-5406(01)02513-6  [pii]
10.1067/mod.2001.115038

de Buys Roessingh AS, Herzog G, Hohlfeld J (2007) Respiratory
distress in Pierre Robin: successful use of pharyngeal tube. J
Pediatr Surg42(9):1495-1499. doi:S0022-3468(07)00270-9
[pii] 10.1016/j.jpedsurg.2007.04.024

Delorme RP, Larocque Y, Caouette-Laberge L (1989)
Innovative surgical approach for the Pierre Robin
anomalad: subperiosteal release of the floor of the
mouth musculature. Plast Reconstr Surg 83(6):960—
964; discussion 965-966

Demke J, Bassim M, Patel MR, Dean S, Rahbar R, van
Aalst JA, Drake A (2008) Parental perceptions and
morbidity: tracheostomy and Pierre Robin sequence.
Int J Pediatr Otorhinolaryngol 72(10):1509-1516.
doi:S0165-5876(08)00316-9 [pii] 10.1016/j.
ijporl.2008.07.002

Denny AD, Talisman R, Hanson PR, Recinos RF (2001)
Mandibular distraction osteogenesis in very young
patients to correct airway obstruction. Plast Reconstr
Surg 108(2):302-311

Denny AD, Amm CA, Schaefer RB (2004) Outcomes of
tongue-lip adhesion for neonatal respiratory distress
caused by Pierre Robin sequence. J Craniofac Surg
15(5):819-823. doi:00001665-200409000-00023 [pii]

Dykes EH, Raine PA, Arthur DS, Drainer IK, Young DG (1985)
Pierre Robin syndrome and pulmonary hypertension.
J Pediatr Surg 20(1):49-52. doi:S0022346885000069 [pii]

Evans AK, Rahbar R, Rogers GF, Mulliken JB, Volk MS
(2006) Robin sequence: a retrospective review of 115
patients. Int J Pediatr Otorhinolaryngol 70(6):973—
980. doi:S0165-5876(05)00499-4  [pii] 10.1016/j.
ijporl.2005.10.016

Figueroa AA, Glupker TJ, Fitz MG, BeGole EA (1991)
Mandible, tongue, and airway in Pierre Robin
sequence: a longitudinal cephalometric study. Cleft
Palate Craniofac J 28(4):425-434. doi:10.1597/1545-
1569(1991) 028<0425:MTAAIP>2.3.CO;2

Freed G, Pearlman MA, Brown AS, Barot LR (1988)
Polysomnographic indications for surgical interven-
tion in Pierre Robin sequence: acute airway manage-
ment and follow-up studies after repair and take-down
of tongue-lip adhesion. Cleft Palate J 25(2):151-155

Gozu A, Genc B, Palabiyik M, Unal M, Yildirim G,
Kavuncuoglu S, Ozsoy Z (2010) Airway management
in neonates with Pierre Robin sequence. Turk J Pediatr
52(2):167-172

Hermann NV, Kreiborg S, Darvann TA, Jensen BL, Dahl E,
Bolund S (2003) Early craniofacial morphology and
growth in children with nonsyndromic Robin Sequence.
CleftPalate CraniofacJ40(2):131-143.doi: 10.1597/1545-
1569(2003) 040<0131:ECMAGI>2.0.CO;2

Hoffman S, Kahn S, Seitchik M (1965) Late problems in
the management of the Pierre Robin syndrome. Plast
Reconstr Surg 35:504-511

Horikiri M, Park S, Kinoshita M, Matsumoto D (2010)
Respiratory management of Pierre Robin sequence using
nasopharyngeal airway with Kirschner wire. J Plast Reconstr
AesthetSurg63(4):¢390-e394.doi:S1748-6815(09)00720-7
[pii] 10.1016/j.bjps.2009.09.023

Hotz M, Gnoinski W (1982) Clefts of the secondary pal-
ate associated with the “Pierre Robin syndrome”.
Management by early maxillary orthopaedics. Swed
Dent J Suppl 15:89-98

Kapp-Simon KA, Krueckeberg S (2000) Mental develop-
ment in infants with cleft lip and/or palate. Cleft Palate
Craniofac J 37(1):65-70

Kirschner RE, Low DW, Randall P, Bartlett SP, McDonald-
McGinn DM, Schultz PJ, Zackai EH, LaRossa D
(2003) Surgical airway management in Pierre Robin
sequence: is there a role for tongue-lip adhesion? Cleft
Palate Craniofac J 40(1):13-18

Kochel J, Meyer-Marcotty P, Wirbelauer J, Bohm H,
Kochel M, Thomas W, Bareis U, Hebestreit H, Speer
C, Stellzig-Eisenhauer A (2011) Treatment modalities
of infants with upper airway obstruction-review of the
literature and presentation of novel orthopedic appli-
ances. Cleft Palate Craniofac J 48(1):44-55.
doi:10.1597/08-273

Lin SY, Halbower AC, Tunkel DE, Vanderkolk C (2006)
Relief of upper airway obstruction with mandibular dis-
traction surgery: long-term quantitative results in young
children. Arch Otolaryngol Head Neck Surg 132(4):437—
441. doi:132/4/437 [pii] 10.1001/archotol.132.4.437

Maalouf M, Lehman JA (2011) Long term outcome of
mandibular distraction for airway obstruction. In:
American Cleft Palate-Craniofacial Association, San
Juan, March 2011

Marques IL, de Sousa TV, Carneiro AF, Barbieri MA,
Bettiol H, Gutierrez MR (2001) Clinical experience
with infants with Robin sequence: a prospective study.
Cleft Palate Craniofac J 38(2):171-178

Masters IB, Chang AB, Harris M, O’Neil MC (1999)
Modified nasopharyngeal tube for upper airway
obstruction. Arch Dis Child 80(2):186-187

Matsas R, Thomson A, Goodacre T (2004) Management
of infants with Pierre Robin sequence. Cleft Palate
Craniofac J 41(2):219. doi:03-208 [pii]

McCarthy JG, Schreiber J, Karp N, Thorne CH, Grayson BH
(1992) Lengthening the human mandible by gradual dis-
traction. Plast Reconstr Surg 89(1):1-8; discussion 9-10


http://dx.doi.org/07-129 [pii] 10.1597/07-129.1
http://dx.doi.org/10.1097/00005537-199910000-00016
http://dx.doi.org/S0889-5406(01)02513-6 [pii] 10.1067/mod.2001.115038
http://dx.doi.org/S0889-5406(01)02513-6 [pii] 10.1067/mod.2001.115038
http://dx.doi.org/S0022-3468(07)00270-9 [pii] 10.1016/j.jpedsurg.2007.04.024
http://dx.doi.org/S0022-3468(07)00270-9 [pii] 10.1016/j.jpedsurg.2007.04.024
http://dx.doi.org/S0165-5876(08)00316-9 [pii] 10.1016/j.ijporl.2008.07.002
http://dx.doi.org/S0165-5876(08)00316-9 [pii] 10.1016/j.ijporl.2008.07.002
http://dx.doi.org/00001665-200409000-00023 [pii]
http://dx.doi.org/S0022346885000069 [pii]
http://dx.doi.org/S0165-5876(05)00499-4 [pii] 10.1016/j.ijporl.2005.10.016
http://dx.doi.org/S0165-5876(05)00499-4 [pii] 10.1016/j.ijporl.2005.10.016
http://dx.doi.org/S1748-6815(09)00720-7 [pii] 10.1016/j.bjps.2009.09.023
http://dx.doi.org/S1748-6815(09)00720-7 [pii] 10.1016/j.bjps.2009.09.023
http://dx.doi.org/10.1597/08-273
http://dx.doi.org/132/4/437 [pii] 10.1001/archotol.132.4.437
http://dx.doi.org/03-208 [pii]

286

K.D.Han et al.

McCarthy JG, Katzen JT, Hopper R, Grayson BH (2002)
The first decade of mandibular distraction: lessons we
have learned. Plast Reconstr Surg 110(7):1704-1713.
doi:10.1097/01.PRS.0000036260.60746.1B

Moyson F (1961) A plea against tracheostomy in the
Pierre-Robin syndrome. Br J Plast Surg 14:187-189.
doi:S0007-1226(61)80035-0 [pii]

Parsons RW, Smith DJ (1982) Rule of thumb criteria for
tongue-lip adhesion in Pierre Robin anomalad. Plast
Reconstr Surg 70(2):210-212

Pruzansky S, Richmond JB (2005) Pierre Robin sequence.
In: Berkowitz S (ed) Cleft lip and palate: diagnosis and
management, 2nd edn. Springer, New York, pp 215-222

Rogers GF, Lim AA, Mulliken JB, Padwa BL (2009)
Effect of a syndromic diagnosis on mandibular size and
sagittal position in Robin sequence. J Oral Maxillofac
Surg 67(11):2323-2331. doi:S0278-2391(09)01330-5
[pii] 10.1016/j.joms.2009.06.010

Rogers GF, Murthy AS, LaBrie RA, Mulliken JB (2011)
The GILLS score: part 1. Patient selection for tongue-
lip adhesion in Robin sequence. Plast Reconstr Surg
128(1):243-251.doi:10.1097/PRS.0b013e318217420d
00006534-201107000-00036 [pii]

Sadewitz VL (1992) Robin sequence: changes in thinking
leading to changes in patient care. Cleft Palate
Craniofac J 29(3):246-253

Schaefer RB, Gosain AK (2003) Airway management in
patients with isolated Pierre Robin sequence during
the first year of life. J Craniofac Surg 14(4):462—467

Schaefer RB, Stadler JA 3rd, Gosain AK (2004) To distract or
not to distract: an algorithm for airway management in iso-
lated Pierre Robin sequence. Plast Reconstr Surg 113(4):
1113-1125. doi:00006534-200404010-00001 [pii]

Scott AR, Tibesar RJ, Lander TA, Sampson DE, Sidman
JD (2011) Mandibular distraction osteogenesis in
infants younger than 3 months. Arch Facial Plast Surg
13(3):173-179. doi:archfacial.2010.114 [pii] 10.1001/
archfacial.2010.114

Seruya M, Kureshi S, Sarhaddi D, Han KD, Goldstein JA,
Baumgart S, Preciado DA, Oh AK (2011) Clinical fac-
tors associated with surgical airway management of
patients with Robin sequence. Children’s National
Medical Center, Washington, D.C

Shen Y, Vargervik K, Oberoi S, Chigurupati R (2010)
Facial skeletal morphology in growing children with
Pierre Robin sequence. Cleft Palate Craniofac
J. doi:10.1597/09-154

Sher AE (1992) Mechanisms of airway obstruction in
Robin sequence: implications for treatment. Cleft
Palate Craniofac J 29(3):224-231

Shetye PR, Warren SM, Brown D, Garfinkle JS, Grayson
BH, McCarthy JG (2009) Documentation of the inci-
dents associated with mandibular distraction: introduc-
tion of a new stratification system. Plast Reconstr Surg
123(2):627-634.doi: 10.1097/PRS.0b013e318 1956664
00006534-200902000-00025 [pii]

Siddique S, Haupert M, Rozelle A (2000) Subperiosteal
release of the floor of the mouth musculature in two
cases of Pierre Robin sequence. Ear Nose Throat
J79(10):816-819

Tomaski SM, Zalzal GH, Saal HM (1995) Airway obstruc-
tion in the Pierre Robin sequence. Laryngoscope 105(2):
111-114. doi:10.1288/00005537-199502000-00001

Wagener S, Rayatt SS, Tatman AJ, Gornall P, Slator R
(2003) Management of infants with Pierre Robin
sequence. Cleft Palate Craniofac J 40(2):180-185


http://dx.doi.org/10.1097/01.PRS.0000036260.60746.1B
http://dx.doi.org/S0007-1226(61)80035-0 [pii]
http://dx.doi.org/S0278-2391(09)01330-5 [pii] 10.1016/j.joms.2009.06.010
http://dx.doi.org/S0278-2391(09)01330-5 [pii] 10.1016/j.joms.2009.06.010
http://dx.doi.org/10.1097/PRS.0b013e318217420d 00006534-201107000-00036 [pii]
http://dx.doi.org/10.1097/PRS.0b013e318217420d 00006534-201107000-00036 [pii]
http://dx.doi.org/00006534-200404010-00001 [pii]
http://dx.doi.org/archfacial.2010.114 [pii] 10.1001/archfacial.2010.114
http://dx.doi.org/archfacial.2010.114 [pii] 10.1001/archfacial.2010.114
http://dx.doi.org/10.1597/09-154
http://dx.doi.org/10.1097/PRS.0b013e3181956664 00006534-200902000-00025 [pii]
http://dx.doi.org/10.1097/PRS.0b013e3181956664 00006534-200902000-00025 [pii]
http://dx.doi.org/10.1288/00005537-199502000-00001

	11: Airway Management in Patients with Robin Sequence
	11.1	 Introduction
	11.2	 Methods
	11.3	 Results
	11.4	 Discussion
	 Summary and Conclusion
	References


