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Pediatric Cricotracheal Resection

Surgical Outcomes and Risk Factor Analysis
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Objective: To identify risk factors for operation-specific
outcomes of pediatric cricotracheal resection (CTR).

Design: We identified the first 100 consecutive chil-
dren undergoing CTR at our institution from January 1,
1993, to December 31, 2004. Retrospective review of
medical records provided data on demographics, opera-
tion dates, decannulation dates, and proposed risk fac-
tors, including age, stenosis grade, vocal cord function,
Down syndrome, history of distal tracheal surgery, his-
tory of open laryngotracheal surgery, presence of trache-
otomy at the time of operation, use of suprahyoid re-
lease, extended CTR, and use of chin-to-chest sutures.
Complete data sets were available for 93 patients. We per-
formed multivariable logistic regression analysis to iden-
tify significant independent risk factors.

Setting: A tertiary care children’s hospital.

Patients: All patients younger than 18 years who un-
derwent CTR at our institution.

Main Outcome Measures: Operation-specific and over-
all decannulation rates.

Results: Results of the preoperative evaluation showed
grade III or IV stenosis in 89 patients (96%). The overall
decannulation rate included 87 patients (94%); the op-
eration-specific decannulation rate, 66 patients (71%).
The only significant risk factor for failure to decannu-
late after 1 operation was the presence of unilateral or
bilateral vocal cord paralysis (P=.007).

Conclusions: Cricotraceal resection may be safely per-
formed in patients with multiple airway lesions. Pa-
tients with a history of vocal cord paralysis who un-
dergo CTR often require more than 1 open airway
procedure for decannulation and should be counseled ap-
propriately. This study represents the largest reported se-
ries of pediatric CTR.
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P ARTIAL CRICOTRACHEAL RESEC-
tion (CTR) for the treatment
of subglottic stenosis (SGS)
was first reported in an adult
by Conley1 in 1953 and in a

child in 1974 by Gerwat and Bryce.2 In the
early 1990s, the use of CTR in children was
championed by Monnier et al,3-6 begin-
ning with publication of a case series in
1993 and followed by updates, with excel-
lent results. Published results from Lon-
don,7 France,8,9 and our institution10-12 have
followed, with decannulation rates exceed-
ing 90% for grades III and IV stenosis ac-
cording to the Myer-Cotton grading sys-
tem.13 With these reports, CTR has become
an acceptable, if not preferable, method of
treatment for high-grade SGS in children.

Although the success rates of CTR have
been widely published, little has been writ-
ten about risk factors that may delay pro-
gression to decannulation. Hartley et al12

suggested that bilateral true vocal cord pa-
ralysis, history of distal tracheal surgery,

and infection with methicillin-resistant
Staphylococcus aureus (MRSA) may have
contributed to 2 failures. Rutter et al11 and
Monnier et al4 observed lower rates of de-
cannulation after extended CTR (defined
as CTR performed simultaneously with an-
other airway procedure).

Related literature has investigated com-
plicating factors for other airway recon-
structive procedures. Ludemann et al14

found respiratory syncytial virus pneumo-
nitis and pseudomonal wound abscess to
be associated with failure to decannulate af-
ter laryngotracheal reconstruction. In ad-
dition, untreated gastroesophageal reflux
(GER),14-16 stenosis grade,17 and Down syn-
drome18,19 have been considered risk fac-
tors for failure of laryngotracheal recon-
struction. These factors have not been
studied for pediatric CTR.

The goal of this study was to identify pa-
tient- and technique-related risk factors that
contributed to failure of the initial proce-
dure in children who underwent CTR at our
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institution. In the process of evaluating this data, we also
describe operation-specific and long-term decannulation
rates for pediatric CTR at our institution.

METHODS

We obtained approval from the institutional review board at Cin-
cinnati Children’s Hospital Medical Center, Cincinnati, Ohio, be-
fore undertaking this study. A database of all patients who have
undergone CTR at our institution has been maintained prospec-
tively from January 1, 1993, to December 31, 2004. Informa-
tion on all patients aged 0 to 20 years, including sex, date of birth,
history of airway surgery, preoperative stenosis grade, presence
of tracheostomy tube at the time of CTR, date of CTR, decan-
nulation status, date of decannulation, description of CTR and
associated procedures (ie, extended CTR), and procedures re-
quired after CTR are incorporated into this database and were
obtained for this study. Medical records were then obtained and
reviewed for the following data: vocal cord function, presence
of eosinophilic esophagitis, Down syndrome, history of distal tra-
cheal surgery, previous airway reconstruction, and periopera-
tive wound infection including MRSA-positive culture find-
ings. Technical data were also obtained from the medical chart,
including use of chin-to-chest sutures, fibrin glue, and supra-
hyoid release. During the past 10 years, the routine preopera-
tive regimen at our institution has included evaluation for and
successful treatment of GER disease before CTR, including Nis-
sen fundoplication if necessary. In addition, patients with no evi-
dence of GER are treated with perioperative proton pump in-
hibitors (for 6 months postoperatively). Because GER was
universally treated in our patient population, analysis of GER
as a risk factor could not be performed.

The medical records of 100 patients were reviewed. Only
patients who had complete medical records (including data on
all of the factors considered for risk factor analysis) and more
than 3 months of follow-up were included. Five patients were
excluded because of inadequate medical records, and 2 pa-
tients who recently underwent CTR were excluded because the
length of follow-up was insufficient. The remaining 93 pa-
tients were included in our study.

Before analysis, descriptive statistics (means, standard de-
viations, and frequencies) were calculated for all the variables
using the SAS software package, version 9.1 (SAS Institute Inc,
Cary, NC). We performed �2 tests for comparing proportions
and paired t tests for comparing continuous variables. For mul-
tivariate analysis, the logistic regression technique was used be-
cause the dependent variable is dichotomous. First, a logistic
regression was fitted to each independent variable separately.
The variables with a P value of .2 or less were retained for the
multivariable analysis. The backward elimination method was
chosen for the analysis.

RESULTS

Descriptive statistics are presented in the Table. Aver-
age patient age was 6.1 years (age range, 4 months to 19
years; SD, 4.6 years). Mean duration of follow-up was 5.2
years (range, 4 months to 11.2 years). Eighty-seven (94%)
of 93 patients have undergone successful decannula-
tion. Two of the remaining patients are able to keep their
tracheostomy tubes plugged and are expected to un-
dergo decannulation soon. Two have recently under-
gone staged airway reconstruction, and 2 are scheduled
for further reconstruction. Fifty-five patients under-
went CTR as a salvage procedure (performed after failed

laryngotracheoplasty11), and 51 (93%) of those under-
went decannulation. Twenty-five patients underwent ex-
tended CTR, and 23 (92%) of those underwent decan-
nulation. Twenty-seven patients required additional open
airway procedures for decannulation after CTR, result-
ing in an operation-specific success rate of 71% (66 pa-
tients). Postoperative complications included acute anas-
tomotic dehiscence in 2 patients (both underwent
successful decannulation) and acquired unilateral vocal
cord paralysis in 2. No deaths occurred in this series.

Initial �2 or Fisher exact test analysis demonstrated P
values of less than .05 for the following factors: vocal cord
dysfunction (defined as fixation or paralysis [P=.001]),
Down syndrome (P=.03), presence of tracheostomy tube
at the time of CTR (P=.04), use of chin-to-chest sutures
(P=.02), and extended CTR (P=.02). Sex, age, history
of open airway surgery, preoperative stenosis grade, date
of CTR, history of distal tracheal surgery, postoperative
wound infection, use of fibrin glue, and use of suprahy-
oid release were not associated with a higher rate of op-
eration-specific failure. Pseudomonal wound infection was
seen only twice, with no associated complications. No
perioperative viral pneumonitis was seen.

Fisher exact test results demonstrated a significantly
lower operation-specific success rate for eosinophilic
esophagitis (P=.03) and postoperative MRSA infection
(P=.01). However, because of the small sample size, these
factors were not considered in the multivariable analysis.

Table. Raw Data for Variables Analyzed
as Possible Risk Factors*

Patient
Characteristic

No. of Patients

All
Patients
(N = 93)

Required
�1 Open
Procedure
(n = 27)

No
Decannulation

at Present
(n = 6)

Female 36 12 4
Stenosis grade

II 4 0 0
III 56 15 3
IV 33 12 3

Salvage CTR 55 13 4
Extended CTR 25 11 2
Preoperative VCP 21 12 1

Unilateral 11 5 0
Bilateral 10 7 1

Eosinophilic esophagitis 3 3 1
Down syndrome 5 4 2
Distal tracheal surgery 8 4 0
No tracheostomy present 14 1 0
No chin-to-chest sutures used 17 9 1
Suprahyoid release 36 13 3
Fibrin glue 32 11 2
Postoperative wound infection 9 4 1

MRSA 4 4 1
Pseudomonas species 2 0 0

Abbreviations: CTR, cricotracheal resection; MRSA, methicillin-resistant
Staphylococcus aureus; VCP, vocal chord paralysis.

*Mean age was 6.1 years (age range, 4 months to 19 years; SD, 4.6
years) at the time of cricotracheal resection. Mean duration of follow-up was
5.2 years (range, 4 months to 11.2 years). Long-term decannulation rates
(20 [95%] of 21 patients) were similar to those for patients with normal
vocal cord function (67 [93%] of 72 patients).
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A backward elimination logistic regression excluded
chin-to-chest sutures as a significant risk factor. Mul-
tiple logistic regression analysis excluded significance for
Down syndrome (P=.09), presence of a tracheostomy tube
at the time of CTR (P=.09), and extended CTR (P=.06).
Vocal cord dysfunction (P=.007) remained as the only
significant risk factor for failure to decannulate after 1
procedure.

Based on the regression model, odds ratios were calcu-
lated for vocal cord paralysis, Down syndrome, presence
of tracheostomy at the time of CTR, and extended CTR.
The odds ratio for operation-specific failure in patients with
vocal cord dysfunction is 5.2 (95% confidence interval [CI],
1.6-16.9), indicating that patients with vocal cord dysfunc-
tion are 5 times more likely to require an additional open
airway procedure than are patients with normal vocal cord
motion. Odds ratios were also high for patients with Down
syndrome (8.2; 95% CI, 0.7-94.3), tracheostomy tube pres-
ence (7.1; 95% CI, 0.8-67.0), and extended CTR (2.8; 95%
CI, 0.97-8.3), but 95% CIs included 1 in each case, result-
ing in P values of greater than .05.

COMMENT

Cricotracheal resection for the treatment of SGS in chil-
dren has become part of the standard surgical algorithm
in the past decade. Decannulation rates of greater than
90% are reported in this series, as well as in series from
other institutions.4,9 The most serious surgical compli-
cations, acute dehiscence of the thyrotracheal anasto-
mosis and injury to the recurrent laryngeal nerve, are rela-
tively rare, each occurring in 2 (2%) of our patients.
Multivariable analysis indicated preoperative vocal cord
dysfunction (bilateral or unilateral, paralysis or fixa-
tion) to be a significant risk factor for failure of the ini-
tial operation, although long-term decannulation rates
(20 [95%] of 21 patients) were similar to those for pa-
tients with normal vocal cord function (67 [93%] of 72
patients). Sex, age, history of open airway surgery, pre-
operative stenosis grade, date of CTR, history of distal
tracheal surgery, Down syndrome, postoperative wound
infection, extended CTR, use of fibrin glue, and use of
suprahyoid release were not statistically significant risk
factors for operation-specific failure.

Operation-specific decannulation, indicating no need
for an additional open procedure, occurred in 66 pa-
tients (71%). Patients who had normal vocal cord func-
tion had an operation-specific decannulation rate of 79%
(57 of 72 patients). These results may be skewed some-
what by our patient population. Our institution has an
international referral base for airway reconstruction and,
as such, we routinely see patients with complex, multi-
level airway obstruction who have already had multiple
failed reconstructive attempts. For extremely complex air-
way reconstructions, CTR is often performed as one of
many steps toward decannulation. Children who were
not able to undergo decannulation after CTR did so af-
ter additional procedures 78% of the time (21 of 27 pa-
tients). Only 1 of 6 patients who did not undergo decan-
nulation in the most recent report from our institution11

remains tracheostomy dependent.

Because we do not routinely perform laryngeal elec-
tromyography when vocal cord function is abnormal, cri-
coarytenoid joint fixation could not be easily differenti-
ated from vocal cord paralysis in this study. We use the
term vocal cord dysfunction to include patients with lack
of vocal cord motion (unilateral or bilateral), which may
be due to paralysis or fixation. When vocal cord dysfunc-
tion was present preoperatively, patients required a sec-
ond open procedure 57% of the time in our series (12 of
21 patients). Based on our regression model, an odds ra-
tio of 5.2 indicates that children with vocal cord dysfunc-
tion who undergo CTR are more than 5 times more likely
than those who have normal vocal cord function to re-
quire a second operation. Vocal cord dysfunction has been
suggested as a risk factor in a review from our institution
by Hartley et al,12 in which 1 of 2 children in whom pri-
mary CTR failed had preoperative bilateral vocal cord dys-
function. Children with unilateral vocal cord dysfunc-
tion typically were treated with a standard CTR. Children
with bilateral vocal cord dysfunction typically undergo an
extended CTR with a simultaneous posterior cricoid split
and placement of a cartilage graft or vocal cord lateraliza-
tion. In previous reviews of operative treatment of bilat-
eral vocal cord paralysis as a single lesion, operation-
specific decannulation rates of 60% to 79% have been
reported.20-22 Unilateral vocal cord paralysis may also be a
source of respiratory distress in children,23 albeit much less
frequently than bilateral vocal cord paralysis. Because it
represents a separate airway lesion that is not treated di-
rectly with CTR, the lower success rate among children
with vocal cord dysfunction is not surprising. Parents
should be counseled that multiple procedures may be ex-
pected when treatment of severe SGS is performed in a pa-
tient with vocal cord dysfunction.

Treatment of esophageal disorders is imperative be-
fore proceeding with CTR. The role of GER in the de-
velopment of SGS and failure of laryngotracheal recon-
struction has been reported by several different
institutions.14-16,24 All patients in our series underwent
evaluation for GER and other esophageal disorders be-
fore CTR, and all patients were treated with a proton pump
inhibitor for a minimum of 6 months postoperatively. Be-
cause of the uniformity of treatment in our series, GER
could not be analyzed separately as a risk factor. All 3
patients with eosinophilic esophagitis who underwent
CTR had an initial decannulation failure. Although a
Fisher exact test demonstrated significantly worse out-
come for such patients when compared with other pa-
tients undergoing CTR (P=.03), the cohort was too small
to include in the multivariable analysis. Early evidence
indicates that laryngotracheal reconstruction is prone to
failure in patients with eosinophilic esophagitis,25 but fur-
ther investigation of this poorly understood disease is mer-
ited. At present, we recommend esophagoscopy and bi-
opsy as part of the preoperative evaluation for CTR, with
successful treatment of GER or eosinophilic esophagitis
before undertaking the procedure.

Bacterial infection has been implicated in the devel-
opment of SGS26 and the failure of airway reconstruc-
tion.14,27 Pseudomonal infection in particular has been re-
ported to have a positive correlation with failure of
laryngotracheoplasty with costochondral cartilage graft-
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ing.14 In our series, 9 patients had wound infections, 2
of which were pseudomonal. Neither of these patients
required reoperation. The 4 patients with wound infec-
tions who required another open procedure all had MRSA-
positive wound culture findings. One of these patients
had an acute dehiscence of the thyrotracheal anastomo-
sis that required a revision procedure 1 week after the
initial CTR. Results of a Fisher exact test showed a sig-
nificantly lower operation-specific decannulation rate
(0%) for patients with MRSA wound infection when com-
pared with other patients (P=.001); however, this co-
hort was too small to include in the multivariable analy-
sis. Patients who had no evidence of wound infection did
not routinely undergo culture, so we cannot comment
on colonization of the airway with MRSA or Pseudomo-
nas aeruginosa. Since reviewing these data, we have be-
gun to prospectively acquire preoperative tracheal and
nasopharyngeal cultures in all patients scheduled for air-
way reconstruction to evaluate the role of airway colo-
nization in postoperative complications.

Recent reviews of laryngotracheal reconstruction in chil-
dren with Down syndrome have demonstrated no differ-
ence from the decannulation rates of other children,14,19 de-
spite earlier results.18 The present study supports this
conclusion, although the wide CI suggests that an in-
creased cohort size is necessary before a firm conclusion
can be made. Larger study cohorts may also be necessary
to draw firm conclusions regarding the outcomes of pa-
tients who undergo extended CTR and patients who are
not tracheostomy dependent at the time of CTR.

Extended CTR was defined by Rutter et al11 as CTR
performed at the same time as another airway proce-
dure, such as laser arytenoidectomy, vocal fold lateral-
ization, or posterior cartilage grafting. Extended CTR was
associated with lower decannulation rates in this re-
port, as well as in a later review by Monnier et al.4 Al-
though extended CTR was not a significant risk factor
in this study, the lower end of the 95% CI was 0.97, and
the P value was .06, indicating that a study with slightly
more power may demonstrate significance.

CONCLUSIONS

Cricotracheal resection is an effective procedure for the
treatment of high-grade SGS in children, with long-term
decannulation rates of more than 90%. Vocal cord dys-
function represents a separate lesion that increases the risk
that a second open airway procedure will be necessary af-
ter CTR. Eosinophilic esophagitis and postoperative MRSA
wound infection may also be associated with initial fail-
ure to decannulate after CTR, but more investigation is
required. Extended CTR was not associated with de-
creased operation-specific decannulation rates in this se-
ries, although P values approached significance (P=.06).
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