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Abstract

predictors for difficult intubation.
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Background: Tracheal intubation is the most reliable way of securing an airway. Pediatric airway management is one of the sig-
nificant challenges, especially for non-pediatric anesthesiologists. Early airway evaluation for detecting difficult intubation and
preventing catastrophic events is necessary before anesthesia, especially in children.

Objectives: Therefore, this study was done to compare some valuable adult predictors in children under two years of age.
Methods: This prospective descriptive-analytical study was performed on 405 children under two years of age that were referred
for elective surgery under general anesthesia with endotracheal intubation in Imam Hossein Hospital, Isfahan. Under sedation in
a supine position, we measured items, including age, weight, height, stern omental distance (SMD), mouth opening (MO), neck
circumference (NC), acromio-axillo-suprasternal notch index (AASI), and intubation difficulty scale score (IDS). An expert anesthesi-
ologist did laryngoscopy and intubation, and difficult cases were recorded.

Results: Our study showed that the frequency of difficult intubation with IDS > 4 was %16, and with IDS > 5 was %3. The variables,
including age, weight, height, and SMD, significantly predicted difficult intubation. The cut-off points for age < 6 months, weight <
5/9 kg, height < 61cm, and SMD < 5/3 cm were obtained, respectively. Other variables, such as MO, AASI, NC, and sex, were unreliable

Conclusions: We found that IDS > 4, age< 6-month, weight < 5/9 kg, and SMD < 5/3 cm are predictors for difficult intubation. It is
helpful for the anesthesiologist to measure these predictions before anesthesia is started to find who has difficult intubation.

1. Background

Difficult airway management is one of the significant
challenges in pediatric anesthesia (1-3). The difficult airway
in children can quickly turn into a greatly serious situation
that may lead to unfavorable and irreversible brain conse-
quences that could even be life-threatening (2, 4). Severe
complications of the difficult airway include brain injury,
cardiac arrest, and death (1, 5, 6)

Pediatric patients have significant anatomical and
physiological differences compared to adults, which affect
the clinical judgment of the anesthesiologist to assess dif-
ficult airways (7, 8). Difficult intubation in children com-
pared to adults causes a rapid decrease in arterial oxygen
saturation in children leading to a reduction in the oppor-
tunity for intubation (5). Therefore, early detection of diffi-
cult airways, preparing special equipment, and having ex-
ceptional skills in pediatric airway management are vital
for the anesthesiologist (9, 10).

There has been a significant difference between the

prevalence and severity of difficult airways complications
in predictable and unpredictable cases in several studies.
Paying attention to these predictive factors and perform-
ing safe intubation in children under two years of age re-
duces the complications of the difficult airway (11-14). In
previous studies on adults, some anatomical scales, such
as acromio-axillo-suprasternal notch index (AASI), stern
omental distance (SMD), mouth opening (MO), and neck
circumference (NC) have been reported as reliable predic-
tors of difficult airways and intubation (15, 16).

2. Objectives

Since there is no public agreement on the significant
predictors of difficult intubation in children, this study
was designed to examine anatomical scales (SMD, AASI,
MO, and NC) in children under two years.

Copyright © 2021, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0[) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly

cited.


http://dx.doi.org/10.5812/aapm.118931
https://crossmark.crossref.org/dialog/?doi=10.5812/aapm.118931&domain=pdf
https://orcid.org/0000-0002-8494-3019
https://orcid.org/0000-0001-5281-3458

Shahhosseini S et al.

3. Methods

After approval of the Isfahan University of Medical Sci-
ences Ethics Committee (code No.:1399.433), all parents
signed the written informed consent. A total of 405 pa-
tients with the American Society of Anesthesiologists phys-
ical status I & II scheduled for surgery under general
anesthesia with endotracheal intubation were included in
this prospective descriptive-analytical study conducted in
Imam Hossain Hospital, Isfahan. Inclusion criteria were
all children under two years of age and candidates for
elective surgery under general anesthesia with endotra-
cheal intubation. Exclusion criteria included emergency
surgery, previous neck surgery, previous head and neck ra-
diotherapy, patients with a neck mass, and patients with
contraindications of neck movement.

At first, age, sex, and weight were measured and
recorded. To reduce separation anxiety, children over six
months of age received midazolam at a dose of 0.01 mg/kg
intravenously. The patient was transferred to the operat-
ing table, and standard anesthesia monitoring (noninva-
sive blood pressure (NIBP), electrocardiogram (ECG), blood
oxygen saturation (SPO,), and temperature) was done. Af-
ter controlling the vital signs and condition of the patient,
the four predictive test measurements were accomplished
by two trained anesthesiologists on all patients as follows:

1-AASI: a) Aline was drawn vertically from the top of the
acromion process to the superior border of the axilla at the
pectoralis major muscle named as line A.

b)The second line was drawn perpendicular to line A
from the suprasternal notch named line B.

c)Line C was defined as the portion of line A laid above
where line B bisects line A. AASI was calculated as the ratio
of cto A(C/A)(16).

2-SMD: SMD extension was measured as the straight
distance from the upper border of the manubrium sterni
to the mentum, with the head in full extension and the
mouth closed.

3-MO: The distance between the upper and lower in-
cisors at the midline when the mouth was opened.

4-NC:Neck circumference at the level of the cricoid car-
tilage was measured.

General anesthesia was induced by fentanyl (12
mcg/kg), propofol (3 mg/kg), and cisatracurium (0.1-0.2
mg/kg). After 3 min of ventilation with a bag-mask venti-
lation and 100% oxygen, an experienced anesthesiologist
blinded to the study intubated the patients in a sniff-
ing position. The laryngoscopic view was graded with
Cormack-Lehane (CL) grading system, which contains four
grades: I: vocal cords visible, II: only posterior commissure
or arytenoids visible, III: only epiglottis visible, and IV:
none of the preceding visible. Difficult visualization of

Table 1. Frequency Distribution of Age and Intubation

Variable Value P Value
Age
Mean 9.4
Standard Deviation 6.6
Minimum, day 2
Maximum, month 24
Intubation, No. (%) 0.48
Easy 336(83)
Difficult 69 (17)

the larynx (DVL) was defined as CL IIl or IV views on direct
laryngoscopy, and easy visualization of the larynx (EVL)
was defined as CL1 or Il views on direct laryngoscopy.

The IDS score was determined according to scientific
criteria so that a value equal to zero indicated intubation
in ideal conditions. Patients were divided into two groups
based on IDS; patients with

IDS > 4 were assigned to the difficultintubation group
and patients with IDS < 4 were assigned to the easy intuba-
tion group (17).

Demographic information was collected in a prede-
fined checklist. The researcher was also present as an ob-
server during the intubation process and collected the de-
sired information through a prepared list. No interven-
tion was performed during the procedure, and there was
no time waste or risk for the patient.

After collecting information, to analyze and compare
the variables in the study groups, SPSS software version
25 was used using descriptive statistics, such as indicators
of central tendency and also analytical statistics, includ-
ing receiver operating characteristic (ROC) curve, Spear-
man'’s rank correlation coefficient, and Mann-Whitney U
test were used. In all tests, a significant level of 0.05 was
considered.

4. Results

In this study, 405 children under two years of age were
examined, of whom 273 cases (67.4%) were boys, and 132
cases (32.6%) were girls. The age range of children was from
2 days to 24 months, with an average of 9.4 months and
a standard deviation of 6.6 months. According to (Table
1), 69 children (17%) had difficult intubation, and 336 cases
(83%) had not.

The variables mentioned in (Table 2) were significantly
lower in children with difficultintubation than in children
with easy intubation (P < 0.05) and independently pre-
dicted difficultintubation. Also, the age < 6 month, weight
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< 5/9 kg, and height < 61 cm were predictors of difficult
intubation in children. Based on the area under the curve,
age, weight, height were significant predictors for easyand
difficult intubation (P < 0.001). Although the values of
SMD and NC were statistically significant, they had a small
area under the curve and were ignored (Figure 1).

5. Discussion

The primary purpose of our research was a comparison
survey of some adult predictors of difficult intubation in
children under two years of age. Our study showed that
the incidence of difficult intubation is about 17%, which is
higher than previous studies. In a study on 1,018 children
with difficult airways, the intubation failure rate was re-
ported to be 2% (9). In our referral hospital, children with
cleft lip and palate were included in our study; thus, the
frequency of difficult intubation was higher than in other
studies. Also, the age < 6 month, weight < 5/9 kg, and
height < 61cm were predictors of difficult intubation in
children. Our results were similar to those found in anes-
thesia reference books (12, 18, 19).

Baudouin et al. showed that the Mallampati test and
mouth opening were not predictive tests for difficult intu-
bation in children less than 18 months (20). Aggarwal et al.
found that the interincisor gap (MO) seemed to be an in-
adequate predictor of difficult intubation in children (21).
These results are similar to our study and showed MO (P
value = 0.01) with no significant predictive value for diffi-
cult intubation.

Kilic et al. showed that interincisior distance is a pre-
dictor for difficult intubation in children (22). The reason
for the difference between the results of their study with
ours is that the average age of their study population was
more than our study (six years vs. nine months).

In this study, we found that in children less than two
years, AASI was not a predictor for difficult intubation (P
value =0.09). This finding is contrary to what has been em-
phasized in adult studies [15,16]. The reason for this differ-
ence could be due to the difference in the anatomy of the
upper respiratory tract and the fitness of the body in chil-
dren compared to adults.

Our findings showed that SMD (mean + SD =53 1.2,
P value < 0.001) and NC (mean =+ SD =20.1 & 3.1, P value <
0.001) were not strong predictors. This finding is similar
to previous studies reporting that SMD may be a predictor
for difficultintubation in children under two years (22, 23).
Also, Figueroa-Uribe et al. studied the existing difficult air-
way predictive scales and their possible applicability in pe-
diatric patients in the emergency department and showed
that SMD was not helpful (24).

Anesth Pain Med. 2021; 11(6):e118931.

One of the limitations of our study was the cut-off val-
ues, which could not be confirmed in different age groups.
One of the strengths of the present study is that reasonable
sample size was presented. In addition, we tried to pre-
dict the difficult airway in children with the simplest and
cheapest methods and also at the least possible time. We
hope that according to the findings of this study, the nec-
essary measures be taken to prevent severe complications
and death of children, which is one of the tragedies of pe-
diatric anesthesia and surgery.

5.1. Conclusion

The variables of SMD, NC, age, weight, and height can
predict difficult intubation. These variables can be used si-
multaneously as a screening tool in airway evaluation be-
fore anesthesia to predict difficult intubation in children
under two years of age. Unlike adults, AASI and MO are not
predictors for difficult intubation in children.
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Table 2. Evaluation of Quantitative Variables Based on Easy and Difficult Intubation

Variable Easy Intubation Difficult Intubation P Value
Mean Standard Deviation Mean Standard Deviation
Age 10.1 6.5 6.3 4.4 < 0.001
Weight 7.9 2.5 5.9 2.7 < 0.001
Height 69.4 10.4 613 1.8 < 0.001
SMD 5.9 1.2 53 1.2 < 0.001
MO 25 13 21 0.7 0.01
AASI 36.8 18.1 40.7 14.6 0.09
Neck Circumference 21.8 2.2 201 31 < 0.001
ROC Curve
Source of
the Curve
= Weight
~= Height
— AgC

Sensitivity

1-Specificity

Figure 1. Receiver operating characteristic (ROC) analysis of significant predictors of difficult airways

4 Anesth Pain Med. 2021; 11(6):e118931.



Shahhosseini S et al.

References

10.

1.

. Huang AS, Hajduk J, Rim C, Coffield S, Jagannathan N. Focused re-

view on management of the difficult paediatric airway. Indian |
Anaesth. 2019;63(6):428-36. eng. doi: 10.4103/ija.]JA_250_19. [PubMed:
31263293]. [PubMed Central: PMC6573050].

. Seyedhejazi M, Sheikhzade D, Aliakbari Sharabiani B, Abri R,

Sadeghian M. Evaluating the Effects of Post-Intubation Endotra-
cheal Suctioning Before Surgery on Respiratory Parameters in
Children with Airway Secretion. Anesth Pain Med. 2019;9(3). eng.
e86486. doi: 10.5812/aapm.86486. [PubMed: 31497517]. [PubMed
Central: PMC6712427].

. Valois-Gomez T, Oofuvong M, Auer G, Coffin D, Loetwiriyakul W, Cor-

rea JA. Incidence of difficult bag-mask ventilation in children: a
prospective observational study. Paediatr Anaesth. 2013;23(10):920-6.
eng. doi: 10.1111/pan.12144. [PubMed: 23905781].

. Sirimontakan T, Artprom N, Anantasit N. Efficacy and Safety of Pedi-

atric Procedural Sedation Outside the Operating Room. Anesth Pain
Med. 2020;10(4). eng. e106493. doi: 10.5812/aapm.106493. [PubMed:
33134153]. [PubMed Central: PMC7539052].

. Javaherforooshzadeh F, Gharacheh L. The Comparison of Direct

Laryngoscopy and Video Laryngoscopy in Pediatric Airways Manage-
ment for Congenital Heart Surgery: A Randomized Clinical Trial.
Anesth Pain Med. 2020;10(3). eng. €99827. doi: 10.5812/aapm.99827.
[PubMed: 32944555]. [PubMed Central: PMC7472645].

. Bhananker SM, Ramamoorthy C, Geiduschek M, Posner KL,

Domino KB, Haberkern CM, et al. Anesthesia-related cardiac
arrest in children: update from the Pediatric Perioperative Car-
diac Arrest Registry. Anesth Analg. 2007;105(2):344-50. eng. doi:
10.1213/01.ane.0000268712.00756.dd. [PubMed: 17646488].

. Walas W, Aleksandrowicz D, Kornacka M, Gaszynski T, Helwich E,

Migdat M, et al. The management of unanticipated difficultairways in
children of all age groups in anaesthetic practice - the position paper
of an expert panel. Scand ] Trauma Resusc Emerg Med.2019;27(1):87. eng.
doi: 10.1186/s13049-019-0666-7. [PubMed: 31533787]. [PubMed Central:
PMC6751579].

. Jimenez N, Posner KL, Cheney FW, Caplan RA, Lee LA, Domino

a closed
eng. doi:

KB. An update on pediatric anesthesia liability:
claims analysis. Anesth Analg. 2007;104(1):147-53.
10.1213/01.ane.0000246813.04771.03. [PubMed: 17179260].

. Fiadjoe JE, Nishisaki A, Jagannathan N, Hunyady Al, Greenberg RS,

Reynolds PI, et al. Airway management complications in children
with difficult tracheal intubation from the Pediatric Difficult Intuba-
tion (PeDI) registry: a prospective cohort analysis. Lancet Respir Med.
2016;4(1):37-48. eng. doi: 10.1016/s2213-2600(15)00508-1. [PubMed:
26705976].

Rahmani F, Mahmoodpoor A, Salmasi S, Ebrahimi Bakhtavar H. Safety
of Healthcare Workers During the Airway Management in Adult and
Pediatric Patients with COVID-19. Anesth Pain Med. 2021;11(2). eng.
e112508. doi: 10.5812[aapm.112508. [PubMed: 34336618]. [PubMed Cen-
tral: PMC8314079].

Onal O, Gumus I, Sari M, Zora ME, Acar MA. The Obv-Eas Method:
An Easy Way to Facilitate Fiberoptic Intubation in Pediatric Patients:

Anesth Pain Med. 2021; 11(6):e118931.

12.

15.

18.

20.

21

22.

23.

24.

Case of an Infant with Freeman-Sheldon Syndrome. Anesth Pain Med.
2018;8(5). eng. e81451. doi: 10.5812/aapm.81451. [PubMed: 30533393].
[PubMed Central: PMC6240828].

Coté CJ, Hartnick CJ. Pediatric transtracheal and cricothyrotomy air-
way devices for emergency use: which are appropriate for infants
and children? Paediatr Anaesth. 2009;19 Suppl 1:66-76. eng. doi:
10.1111/§.1460-9592.2009.02996.X. [PubMed: 19572846

. Thomas R, Rao S, Minutillo C. Cuffed endotracheal tubes for neonates

and young infants: acomprehensive review. Arch Dis Child Fetal Neona-
tal Ed. 2016;101(2):F168-74. eng. doi: 10.1136/archdischild-2015-309240.
[PubMed: 26458915].

. Dennington D, Vali P, Finer NN, Kim JH. Ultrasound confirmation of

endotracheal tube position in neonates. Neonatology. 2012;102(3):185-
9. eng. doi: 10.1159/000338585. [PubMed: 22777009].

Honarmand A, Kheirabadi D, Safavi MR, Taghaei M, Golshani Nasab
M. Comparison of the acromio-axillosuprasternal notch index
with five anatomical indices for the prediction of difficult laryn-
goscopy and intubation. Eur ] Anaesthesiol. 2019;36(7):542-4. eng. doi:
10.1097/€ja.0000000000001000. [PubMed: 31742572].

. Honarmand A, Safavi M, Yaraghi A, Attari M, Khazaei M, Zamani M.

Comparison of five methods in predicting difficult laryngoscopy:
Neck circumference, neck circumference to thyromental distance ra-
tio, the ratio of height to thyromental distance, upper lip bite test
and Mallampati test. Adv Biomed Res. 2015;4:122. eng. doi: 10.4103/2277-
9175.158033. [PubMed: 26261824]. [PubMed Central: PMC4513312].

. Riad W, Vaez MN, Raveendran R, Tam AD, Quereshy FA, Chung F,

et al. Neck circumference as a predictor of difficult intubation and
difficult mask ventilation in morbidly obese patients: A prospec-
tive observational study. Eur ] Anaesthesiol. 2016;33(4):244-9. eng. doi:
10.1097/€ja.0000000000000324. [PubMed: 26351829].

Gropper MA, Miller RD, Eriksson LI, Fleisher LA, Wiener-Kronish JP, Co-
hen NH, et al. Miller’s Anesthesia, 2-Volume Set E-Book. Elsevier Health
Sciences; 2019.

. Davis PJ, Cladis FP. Smith’s anesthesia for infants and children e-book. El-

sevier Health Sciences; 2016.

Baudouin L, Bordes M, Merson L, Naud ], Semjen F, Cros AM. Do adult
predictive tests predict difficult intubation in children?: A-627. Eur |
Anaesthesiol. 2006;23:163.

Aggarwal A, Sharma KR, Verma UC. Evaluation of difficult Airway pre-
dictors in pediatric population as a clinical investigation. JAnesth Clin
Res. 2012;3(11):1-5. doi: 10.4172[2155-6148.1000256.

Kilig Y, Onay M, Cetinkaya D, Bilir A, Yelken BB. Comparison of dif-
ferent predictive tests for difficult airways in pediatrics. ENT Update.
2020;10(3).

Ray S, Rao S, Kaur ], Gaude YK. Ratio of height-to-thyromental
distance and ratio of height-to-sternomental distance as predic-
tors of laryngoscopic grade in children. | Anaesthesiol Clin Pharma-
col. 2018;34(1):68-72. eng. doi: 10.4103[joacp.JOACP_135_16. [PubMed:
29643626]. [PubMed Central: PMC5885452].

Figueroa-Uribe F, Flores-del Razo JO, Vega-Rangel V, Méndez-Trejo V,
Ferrer-Lopez M, Gonzalez-Chavez NA. Predictive scales to identify diffi-
cult airway in the pediatric population: usefulness in the Emergency
Department. Revista Mexicana de Pediatria. 2020;86(4):162-4.


http://dx.doi.org/10.4103/ija.IJA_250_19
http://www.ncbi.nlm.nih.gov/pubmed/31263293
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6573050
http://dx.doi.org/10.5812/aapm.86486
http://www.ncbi.nlm.nih.gov/pubmed/31497517
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6712427
http://dx.doi.org/10.1111/pan.12144
http://www.ncbi.nlm.nih.gov/pubmed/23905781
http://dx.doi.org/10.5812/aapm.106493
http://www.ncbi.nlm.nih.gov/pubmed/33134153
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7539052
http://dx.doi.org/10.5812/aapm.99827
http://www.ncbi.nlm.nih.gov/pubmed/32944555
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7472645
http://dx.doi.org/10.1213/01.ane.0000268712.00756.dd
http://www.ncbi.nlm.nih.gov/pubmed/17646488
http://dx.doi.org/10.1186/s13049-019-0666-7
http://www.ncbi.nlm.nih.gov/pubmed/31533787
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6751579
http://dx.doi.org/10.1213/01.ane.0000246813.04771.03
http://www.ncbi.nlm.nih.gov/pubmed/17179260
http://dx.doi.org/10.1016/s2213-2600(15)00508-1
http://www.ncbi.nlm.nih.gov/pubmed/26705976
http://dx.doi.org/10.5812/aapm.112508
http://www.ncbi.nlm.nih.gov/pubmed/34336618
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8314079
http://dx.doi.org/10.5812/aapm.81451
http://www.ncbi.nlm.nih.gov/pubmed/30533393
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6240828
http://dx.doi.org/10.1111/j.1460-9592.2009.02996.x
http://www.ncbi.nlm.nih.gov/pubmed/19572846
http://dx.doi.org/10.1136/archdischild-2015-309240
http://www.ncbi.nlm.nih.gov/pubmed/26458915
http://dx.doi.org/10.1159/000338585
http://www.ncbi.nlm.nih.gov/pubmed/22777009
http://dx.doi.org/10.1097/eja.0000000000001000
http://www.ncbi.nlm.nih.gov/pubmed/31742572
http://dx.doi.org/10.4103/2277-9175.158033
http://dx.doi.org/10.4103/2277-9175.158033
http://www.ncbi.nlm.nih.gov/pubmed/26261824
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4513312
http://dx.doi.org/10.1097/eja.0000000000000324
http://www.ncbi.nlm.nih.gov/pubmed/26351829
http://dx.doi.org/10.4172/2155-6148.1000256
http://dx.doi.org/10.4103/joacp.JOACP_135_16
http://www.ncbi.nlm.nih.gov/pubmed/29643626
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5885452

	Abstract
	1. Background
	2. Objectives
	3. Methods
	4. Results
	Table 1
	Table 2
	Figure 1

	5. Discussion
	5.1. Conclusion 

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

