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Alveolar cleft and maximum cleft width as
predictors for difficult laryngoscopy and
intubation in patients with unilateral
complete cleft lip and palate
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Abstract

Background: Cleft lip and palate is one of the commonest congenital anomalies, which have an impact on
feeding, speech, and dental development away from the significant psychosocial sequel. Early surgical repair aims
to restore appearance and function, and the modern techniques can leave many defects undetectable. Therefore,
the anesthetic challenge facing the pediatric airway with such abnormalities is still of a great impact. The aim of
our study among 189 patients enrolled is to correlate alveolar gap and maximum cleft width measurements as
predictors of difficult laryngoscopy and intubation in infants with unilateral complete cleft lip/palate aging from 1
to 6 months. As a secondary outcome, their weight is to be correlated too as another parameter.

Results: The alveolar gap and maximum cleft width are both of equal high predictive power (p value ≤ 0.001) with
100% sensitivity for both and specificity of 76.10% and 82.39% respectively, with a cut off value of ≤ 10 mm and 11
mm for these dimensions respectively, and odds ratio of incidence of difficult intubation is 4.18 and 5.68 respectively,
while body weight ≤ 5.75 kg has an odds ratio of 2.32.

Conclusion: Alveolar cleft and maximum cleft width can be used as predictors for anticipation of difficult laryngoscopy
and intubation infant patients with unilateral complete cleft lip and palate, while body weight ≤ 5.75 kg increases the
risk more than twice.
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Background
Children with cranio-facial abnormalities get great con-
cern from both anesthetic and surgical point of view.
Cleft lip and palate are common congenital deformities,
which are relevantly present in our country with preva-
lence near 1:500 to 1000 live births, and will result in a
child affected by cleft lip and/or palate who will require
early intervention (Mairaj et al. 2017).

Unilateral clefts occur twice as often on the left side
than on the right and are nine times more common than
bilateral cleft (Derijcke et al. 1996).
The severity of a unilateral complete cleft lip/palate

varies from the microform to a complete cleft extending
all through into the nasal sill, which definitely will dis-
tort the airway (Huang and Lee 2009), and various de-
grees of nasal deformity and alveolar deficiency may also
be present (Pool 1966). The rising trend to proceed for
lip repair in the early infancy period increases the
anesthetic and surgical challenge.
As for the surgical technique, Millard conceptualized

his rotation advancement technique while serving in
Korea and first published in the fifties (Millard 1958).
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His technique is the most widely used by cleft sur-
geons, but few modifications have been applied since its
commencement. Its principles are still the foundation of
many unilateral repairs and it is our applied technique
in repair with marvelous results (Fig. 1).
The anesthetic procedures performed to these patients

have multiple considerations. Difficult intubation is the
main concern in anesthesia practice, especially that early
surgical repair starts after 1 month of age, and the
pediatric airway combined with cleft lip and palate
anomaly themselves may further increase difficulty in
laryngoscopy and intubation (Liau et al. 2010).

Sample size calculation
Sample size was calculated using MedCalc® version
14.8.1, setting power at 0.8 and the significance level (α)
at 0.05 in order to possess a clinically significant predict-
ive power for detection of the 7.06% prevalence of diffi-
cult intubation in patients with unilateral cleft lip and
palate in 1–6 months’ age group as estimated by Xue
et al. (Xue et al. 2006), an alternative area under ROC
curve (AUC) of at least 0.75 will be assumed, with a null
value of 0.5. Calculation according to the previous data
produced a minimal sample size of 170 patients with
unilateral cleft lip and palate. Assuming a drop out of
10%, this produced a drop out inflated sample size of ap-
proximately 188 participants increased to 189 child
enrolled.

Methods
After ethical committee approval and written signed
guardian consent, this prospective cross-sectional study
including 189 patients of unilateral complete cleft lip
with cleft palate aging from 1–6 months, ASA I or IΙ
presenting for first stage repair of cleft lip, was con-
ducted in tertiary university hospital. Patients admitted
and who underwent first surgery between January 2017
and 2020 were included in this study.
Syndromic cases other than the specified anomaly, as

those with gross neurological deficit, associated craniofa-
cial malformations, other complex syndromes, and redo

cases, were all excluded from the study except for simple
non cyanotic cardiac anomalies.
Patients’ demographic data including age, gender, and

weight were recorded.
A preoperative dental impression of the upper jaw was

taken using specified polyvinyl siloxane impression com-
pound for making the impression of the cleft in infants;
the materials can be supported with the fingers and
placed in the patient’s mouth till the material sets. Cleft
measurements from the dental impression were done by
a specified odontologist (Fig. 2). The dental cast dimen-
sions were used and the specified dimensions (alveolar
gap and maximum cleft width) were recorded.

Fig. 1 Pre- and postoperative pictures of repair

Fig. 2 Dental impression showing oral roof of one of the candidates
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If not available or possible, as in young age group chil-
dren ranging from 1 to 2 months of age, the specified di-
mensions were measured in the operation room after
inhalational anesthesia just prior to the surgery using
any caliper or tool by the operating surgeon or senior
pediatric anesthesiologist.
Alveolar gap and maximum cleft width were measured

as the following:
� Alveolar gap was measured as the distance between

the medial and lateral segments of the alveolar
margin

� Maximum cleft width was measured as the maximum
gap distance along the hard palate (Fig. 3).

Anesthetic management
The common anesthetic protocol is to induce anesthesia
by inhalation with sevoflurane in oxygen 100%.
Routine monitoring includes ECG, end-tidal carbon

dioxide, non-invasive blood pressure, and pulse
oximetry.
After confirming an intravascular access (if not previ-

ously established after local EMLA™ cream application),
balanced prewarmed ringer’s solution is infused 10–15
ml/kg.
A towel roll was to be placed under the shoulders be-

fore laryngoscopy was performed and a piece of gauze
packed into the cleft may be introduced; the use of a
straight laryngoscope blade and external laryngeal ma-
nipulation were available options.
The difficult airway is determined by the intubating

anesthesiologist if (Cormack and Lehane grades III and
IV), two failed trials of intubation were attempted or
usage of an assisting tool as (stylet or boogie) after con-
ventional laryngoscopy (Koh et al. 2002).
An oral RAE tube is used and fixed in the midline,

confirmed by capnography and auscultation. Neuro-
muscular blockade is achieved with atracurium neuro-
muscular blocking agent in a dose of 0.5 mg/kg with
maintenance dose of 0.01 mg/kg every 20 min post-
intubation. The current narcotic fentanyl is commonly
used in a dose 1–2 μg/kg, with rectal paracetamol 20
mg/kg post-induction to ensure adequate analgesia.

Local infiltration of local lidocaine/adrenaline by the
surgeon is also commonly used as an adjuvant for pain
management and to decrease bleeding in the beginning
of surgery.
As for patient’s recovery, after muscle relaxant reversal

and return of consciousness level, extubation in lateral
position and soft nasopharyngeal airway is used, with
supplemental oxygen in post anesthetic care unit.

Statistical analysis
Data were analyzed using SPSS version 24.0 (SPSS Inc,
Chicago, IL, USA). Parametric numerical data were pre-
sented as mean ± standard deviation, whereas non-
parametric numerical data were presented as median
with interquartile range. Categorical data were presented
as number and percentage. Two-group comparisons for
numerical data were done using the Student t test and
the Mann–Whitney test for parametric and non-
parametric data respectively. Categorical data were com-
pared using the chi-square test or Fisher exact test. As-
sociation between variables was assessed using logistic
regression analysis and expressed as odds ratio (OR) and
its 95% confidence interval. ROC analysis was used for
assessment and comparing of predictive validity and de-
termining the best cut-off value for each predictor. Sig-
nificance level was set at P ≤ 0.05.

Results
A summary of the demographic and clinical characteris-
tics of the study participants is shown in Table 1.
Body weight was significantly lower in the difficult intub-

ation group (P < 0.001), whereas the alveolar gap and

Fig. 3 Different methods for measuring the specified dimensions

Table 1 Summary of the demographic and clinical
characteristics of the study sample

Age (months) 3.91 ± 1.37

Weight (kg) 5.86 ± 0.95

Sex

Male 102 (54.0%)

Female 87 (46.0%)

Alveolar gap (mm) 11.0 (10.0–13.0)

Maximum cleft width (mm) 13.0 (11.0–15.25)

Abdelhameed et al. Ain-Shams Journal of Anesthesiology           (2021) 13:18 Page 3 of 6



maximum cleft width were statistically of higher significant
differences in the difficult intubation group (P < 0.001)
while no significance was found when comparing the age
(P <0.14) or sex (P < 0.32) of both groups (Table 2).
As depicted from the calculated odds ratio, every unit

elevation in body weight, and decrease in the alveolar
gap and maximum cleft width lowers the incidence of
difficult intubation by about 70%.
This relation held the same trend after adjustment for

the effect of other significant independent variables.
For prediction of difficult intubation, ROC analysis of

the performance of alveolar gap and maximum cleft
width revealed a robust predictive power with high val-
idity (100% sensitivity for both and specificity of 76.10%
and 82.39% respectively). No statistically significant dif-
ferences could be detected when comparing the predict-
ive power of alveolar gap with that of maximum cleft
width (Table 3, Fig. 4).

Discussion
Patients with cranio-facial anomalies are still a challenge
to secure their airway during anesthesia. When anesthesia
is administered to cleft patients, there are numerous con-
siderations that should be taken into account: the most
serious are those that could lead to a difficult intubation

as the airway malformations and the disrupted anatomy
restricting easy laryngoscopy.
Difficult intubation probably depends upon multiple

factors, as timing of repair, extent of deformity, or even
the pediatric anesthesiologist own experience, etc.
We investigated two major parameters of the cleft di-

mensions and the patient’s body weight in a cohort of 6
months of age to find a predictive value for any of these
parameters.
Along with literature, lower age group and weight are

more predisposed to the incidence of difficult intubation,
but they assumed weight < 10 kg is their cut of value as
they investigated larger cohort of age (Huang et al.
2016), while for our cohort was weight < 5.75 kg only.
This study did not find any relationship between sex

of the patient and the incidence of difficult intubation (p
value = 0.32), although the overall predominance of
males’ incidence. However, the percentage of males to
females in our study was 54 to 46% respectively.
Aycan et al., after investigating one hundred and

twenty two patients aged 4 months and 10 years who
underwent plastic surgery due to cleft lip/palate, stated
that they found significant association between com-
bined cleft lip-palate and higher mallampati scores (p ≤
0.001) but they did not specify age group differences or
discuss intubation easiness.

Table 2 Comparison between the study groups regarding demographic and clinical characteristics and their association with
difficulty of intubation

Difficult intubation group
[n = 30]

Smooth intubation group
[n = 159]

P OR (95%CI) Adjusted OR (95%CI)

Age (months) 3.58 ± 1.09 3.97 ± 1.41 0.14 0.81 (0.60–1.08) –

Weight (kg) 5.07 ± 0.81 6.01 ± 0.90 <0.001 0.30 (0.18–0.51) 0.30 (0.15–0.60)

Sex –

Male 19 (63.3%) 83 (52.2%) 0.32

Female 11 (36.7%) 76 (47.8%) 1.58 (0.71–3.54)a

Alveolar gap (mm) 12.0 (11.0–13.0) 10.0 (10.0–10.0) <0.001 0.29 (0.16–0.53) 0.53 (0.31–0.90)

Maximum cleft width (mm) 14.0 (12.0–16.0) 11.0 (11.0–11.0) <0.001 0.29 (0.16–0.53) 0.37 (0.21–0.65)
aCalculated with “female” as the reference category

Table 3 ROC analysis for the validity of alveolar gap, maximum cleft width, and body weight in prediction of difficulty of intubation

Alveolar gap Maximum cleft width Body weight

AUROC (95%CI) 0.88 (0.82–0.92) 0.91 (0.86–0.95) 0.76 (0.69–0.82)

p value (AUC = 0.5) < 0.001 < 0.001 < 0.001

Cut-off value ≤ 10.0 mm ≤ 11.0 mm ≤ 5.75 kg

Measures of validity Sensitivity (%) 100% 100% 83.33%

Specificity (%) 76.10% 82.39% 64.15%

PPV (%) 44.1% 51.7% 30.5%

NPV (%) 100% 100% 95.3%

Positive likelihood ratio 4.18 5.68 2.32

Negative likelihood ratio 0 0 0.26
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They finally concluded that Mallampati scores could
be used as predictor for difficult intubation and laryn-
goscopy, which is not specific to such cohort (Aycan
et al, 2016).
Along with our results, in another retrospective single

blind trial of total of 145 infants born with cleft lip/pal-
ate with various oral measurements, Arteau-Gauthier
et al. (2011) suggested that width of the cleft at the hard
palate level could have a relationship with difficult intub-
ation potentiality, but without any cleft lip (p = 0.0323).
We further investigated this point and concluded that a
cut of value of cleft width (≤ 11.0 mm) has an odds ratio
of 5.68 than smaller clefts in patients with unilateral
complete clefts (Arteau-Gauthier, 2011).
Another point of difference was that we correlated the

alveolar gap distance as a predictor with a cut off value
(≤ 10 mm) and odds ratio of 4.18 which was not corre-
lated in that study. In addition, the average age of their
investigated patients was 10 months while we included a
lower age cohort.
In a prospective 800 patients’ study, Gunawardana

(1996), correlated this anomaly to the incidence of diffi-
cult intubation to be 11% in children between 1 month
and 6 months’ age group, but in our study, it reached
15% in the same age group.
Simpson and Wilson also believed that difficult laryn-

goscopy (grades III or IV) occurs in up to 10% of ASA I
patients for cleft lip/palate repair with no associated syn-
dromes, and large alveolar defects may hamper laryngos-
copy, as there is a tendency for the laryngoscope to fall
into the cleft, but did not specify measurements and ad-
vised packing with gauze may help prevent this, as may
the use of a straight blade (Simpson and Wilson, 2002).
Somerville and Fenlon in their article postulated that a

large alveolar defect, especially on the right side,

increases the difficulty of laryngoscopy also for the same
reason, but both did not present certain dimensions
(Somerville and Fenlon, 2005).

Conclusion
This study highlights a significant incidence of difficult
airway in patients with unilateral complete cleft lip/pal-
ate which reaches 15%, and the alveolar cleft and max-
imum cleft width parameters can be used as strong
equal predictors for anticipation of difficult laryngoscopy
and intubation in these patients (100% sensitivity for
both and specificity of 76.10% and 82.39% respectively).
As regards the body weight, patients ≤ 5.75 kg have an

odds ratio of 2.32 of incidence of difficult airway. These
features must be considered before anesthesia of these
infants.

Study limitations
This study had some limitations. There might be subtle
biases as the accuracy of the measurements included in
the study as they were done by different personnel.
Another limitation encountered was the minimal differ-
ences in measurements between awake and inhalation-
ally anesthetized children as it might be considered as a
bias.
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