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Abstract

Background: It isvery important to predict and manage
difficult intubation because difficult or failed intubation is con-
sidered one of the major causes of morbidity and mortality in
anaesthesia. Several preoperative airway assessment tests can
be used for that purpose.

Aim of Study: This study aimed to assess the predictive ac-
curacy of the ratio of Neck Length to Thyromental Distance
(RNTMD) in identifying difficult laryngoscopy and intubation.

Patients and Methods: This observational study was done
prospectively and involved adult patients undergoing elective
operations under general anesthesia. The airway indices, name-
ly the RNTMD, thyromental distance, modified Mallampati
test, ratio of height to thyromental distance, and interincisor
gap, were assessed preoperatively. Difficult laryngoscopy was
considered when the Cromack-L ehane grade was >2, and dif-
ficult intubation was considered when the intubation difficulty
scale was >5. Our primary outcome was the ability of RNT-
MD to predict difficult laryngoscopy using area under receiver
operating characteristic curve (AUC) analysis. The ability of
previously mentioned airway indices to expect difficult laryn-
goscopy and intubation were the secondary outcomes.

Results: We analyzed data from 129 patients, and the in-
cidence of difficult laryngoscopy and intubation was 18/129
(14%) and 11/129 (9%), respectively. The RNTMD’s AUC
(95% confidence interval) for prediction of difficult laryngos-
copy and intubation was 0.69 (0.60-0.76) and 0.69 (0.61-0.78).
The ability of RNTMD to predict difficult laryngoscopy and
intubation was not significantly different from that of other air-
way indices. At a cut-off value of 1.2, RNTMD aNPV of 94
and 97% for difficult laryngoscopy and intubation, respectively.

Conclusion: In adult patients, RNTMD can predict dif-
ficult airway with moderate accuracy. An RNTMD <1.2 can
exclude difficult laryngoscopy and intubation with 94 and
97% accuracy.
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Introduction

PREDICTING and management of difficult intu-
bation are very important skills to the practice of
anaesthesiology. Difficult or failed intubation is
considered one of the major causes of morbidity and
mortality in anaesthesia[1].

There are several preoperative airway assess-
ment tests including inter-incisor gap, mouth open-
ing, Mallampati grading, and thyromental distance
(TMD) used to predict difficult intubation with high
specificity. Airway tests should act as a screening
tests, therefore, it isimportant to have high sensitiv-
ity. However, these tests showed low sensitivity [2]
and subsequently there would be many false nega-
tive cases, which isreflected in practice as unantic-
ipated difficult airway. Therefore, thereis still con-
tinuing search for the ideal airway test that would
provide good accuracy with high sensitivity.

Some of airway tests involve external airway
measurements such as thyromental distance (TMD).
Recent data showed that indexing the TMD to pa-
tient’s height (ratio of height to TMD: RHTMD)
improved the accuracy of the original measurement
[3].

Since short neck is a predictor of difficult airway
[4], we hypothesized that using neck length instead
of patient’ s height (ratio of neck length to TMD:
RNTMD) would improve the test accuracy in pre-
dicting difficult airway.

In this study, our aim was to evaluate the accu-
racy of anew airway index, RNTMD, in predicting
difficult airway and compare it to other commonly
used tests.
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Patients and M ethods

This prospective observational study was per-
formed at Cairo University Hospital operating the-
atres, from August 2023 to December 2023, after
institutional ethics committee approval (MS-99-
2023). Written informed consents were obtained
from all patients before being included in the study.

Participants were adult (18-60 years) patients
with American society of Anesthesiologists (ASA)
physical statusI-11 who were scheduled for elective
surgical operations under general anesthesia.

Exclusion criteriawere history of difficult air-
way, apparent airway abnormalities, history cervical
spine surgery or deformity, any airway management
technique other than conventional laryngoscopy,
and pregnancy.

Preoperatively, atrained anesthetist performed
and recorded the results of the airway testsin addi-
tion to patient’ s demographic data (age, sex, weight,
height, body mass index, and ASA physical status).
The airway assessment included the modified

Mallampati test (MMT) [5], inter-incisor gap [6],
and thyromental distance (TMD) [7].

Neck length was measured from the tip of the
Mastoid process, asit is at the same level of the first
cervical vertebrae (Atlas) to the meeting point be-
tween the neck and the shoulder (inflection point).
Neck length was done using ruler while the head in
the neutral position [4].

We calculated the RNTMD as follow: Neck
length in cm divided by TMD in cm, and RHTMD
asfollow: Height in cm divided by TMD in cm[3].

After three min of preoxygenation, induction
of anesthesia was performed by 2mg/kg propofal
and 1mcg/kg fentanyl. After loss of consciousness,
Laryngoscopy and intubation was facilitated by
0.5mg/kg atracurium. Appropriately sized Mcintosh
blade was used for laryngoscopy. Correct position
of endotracheal tube was confirmed by presence of
appropriate capnographic wave.

Grading the laryngoscopic view was done using
the Cormack Lehane (C-L) classification; Grade
1—ableto visualize the entire laryngeal aperture,
grade 2—able to visualize parts of the laryngeal ap-
erture or the arytenoids, grade 3—able to visualize
only the epiglottis, and grade 4— able to visualize
only the soft palate]. CL grade >2 was considered
difficult laryngoscopy [8].

An experienced anesthetist who was responsible
for tracheal intubation and grading the laryngoscop-
ic view was blinded to the aim of the study.

Theintubation difficulty scale (IDS) was used
to assess difficult intubation. The scale includes

seven variables, the number of additional intuba-
tion trials required, number of additional operators
needed, number of alternative intubation assistant
techniques used, CL classification, increased lifting
effort applied during laryngoscopy, use of external
laryngeal pressure, and the position of the vocal
cords during intubation.

Difficult intubation was considered when the
IDS score >5(9].

The primary outcome was the ability of RNT-
MD to predict difficult laryngoscopy.

Secondary outcomes included the ability of
RNTMD to expect difficult intubation, the ability
of other airway test to predict difficult laryngosco-
py and intubation, and comparing the accuracy of
airway test to expect difficult laryngoscopy and in-
tubation.

Sample size:

Sample size was cal culated using MedCalc Soft-
ware version 14 (MedCalc Software bvba, Ostend,
Belgium) to detect area under receiver operating
characteristic curve (AUC) of 0.75 with null hy-
pothesis AUC of 0.5. Wetook in consideration that
the rate of difficult laryngoscopy is 10% [2]; there-
fore, we calculated a minimum number of 120 pa-
tients (with at least 12 difficult laryngoscopy cases)
to have a study power of 80% and alpha error of
0.05.

Satistical analysis:

Statistical package for social science (SPSS)
software, version 21 for Microsoft Windows (IBM
Corp., NY, USA) were used for data analysis.
Categorical data are presented as frequency (%).
Distribution of continuous data was checked for
normality using the Shapiro-Wilks test. Normally
distributed data are presented as means (standard
deviations), and skewed data are presented as me-
dians (quartiles).

Data analysis included comparison of patients
with difficult laryngoscopy and patients with easy
laryngoscopy, and comparison of patients with dif-
ficult intubation and patients with easy intubation.
The Chi-sgquared test was used to compare frequen-
cies between the study groups. Unpaired t-test and
Mann-Whitney test were used to compare contin-
uous data as appropriate. The AUC was calculat-
ed for different airway tests for predicting difficult
laryngoscopy and difficult intubation. Positive
predictive value (PPV), negative predictive value
(NPV), and best cut-off valuesfor all parameters
were also calculated. The AUC curves were com-
pared using a Hanley-McNeil test. Multivariate
analysis was done including age, sex, ASA classi-
fication, MMT, interincisor gap, and RNTMD was
done, and odds ratio (95% confidence interval [Cl])
was reported. A p-value <0.05 was considered sta-
tistically significant.
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Results

In this study, 140 patients were screened for eli-
gibility, 11 patients were excluded, and 129 patients
were included and were analyzed. (Fig. 1).

Screened for eligibility (n=140)

Excluded (n=11)

- Change of anesthetic plan to
regional (n=5)

- Different airway management
plan (n=6)

General anesthesia and tracheal
intubation with Macintosh
laryngoscopy (n=129)

| Analyzed (n=129) |
\

Fig. (1): Patient’s enroliment flowchart.

Difficult laryngoscopy was encountered in 18
(14%) patients, and difficult intubation was encoun-
tered in 11 (9%) patients. Patients' demographic and
airway measurements are detailed in Table (1).

The AUC (95% CI) was 0.69 (0.60-0.76) and
0.69 (0.61-0.78) for the ability RNTMD to predict
difficult laryngoscopy and intubation, respectively.
(Table 2). The AUCsfor the ability to predict diffi-
cult laryngoscopy and intubation were comparable
among the evaluated airway tests (p-value >0.05).

Univariate analysis revealed that predictors for
difficult laryngoscopy were age, male sex, interinci-
sor gap, TMD, MMT grade, RNTMD, and RHTMD.
While predictors for difficult intubation were inter-
incisor gap, TMD, MMT and RHTMD. (Table 3).
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Multivariate analysis (including age, male sex,
ASA-PS, MMT, Interincisor gap, and RNTMD)
showed that male sex and interincisor gap are inde-
pendent risk factors for difficult laryngoscopy and
intubation. (Table 4).

Table (1): Demographic and airway measurements data. Data
presented as median (quartiles) and frequency (%6).

n=129
Age (years) 38 (27, 47)
Male sex 54 (42%)
Weight (kg) 75 (65, 91)
Height (cm) 163 (157, 174)
Body massindex (kg.m -) 28 (25, 33)
ASA-PS

| 106 (82%)

I 23 (18%)
MMT:

1 45 (35%)

2 29 (23%)

3 43 (33%)

4 12 (9%)
Interincisor gap (cm) 45 (4.0,5.0)
Neck length (cm) 9.5(8.5,10.5)
TMD (cm) 8.0(7.0,9.0)
RNTMD 12(11,14)
RHTMD 21.0(185,23.7)
Cormack-Lenhance grade:

1 70 (54%)

2 41 (32%)

3 16 (12%)

4 2 (2%)
Difficult laryngoscopy 18 (14%)
Difficult intubation 11 (9%)

ASA-PS: American Society of Anesthesiologist-Physical Status.
MMT : Modified Mallampati test.

RHTMD: Ratio of height to thyromental distance.

RNTMD: Ratio of neck length to thyromental distance.

TMD  : Thyromental distance.

Table (2): Accuracy of airway testsin predicting difficult airway.

AUC Sensitivity Specificity PPV NPV Cut-off
(95% CI) (%) (%) (%) (%) value
Difficult laryngoscopy (n=18/129)
RNTMD 0.69 (0.60-0.76) 78 56 22 94 >1.2
RHTMD 0.78 (0.70-0.85) 83 62 26 96 >21.5
TMD 0.76 (0.68-0.83) 100 41 21 100 <8 cm
MMT 0.75 (0.66-0.82) 83 64 27 96 >2
Interincisor gap 0.76 (0.68-0.83) 83 70 31 96 <4 cm
Difficult intubation (n=11/129)

RNTMD 0.69 (0.61-0.78) 82 54 14 97 >1.2
RHTMD 0.77 (0.69-0.84) 91 60 18 99 >21.5
TMD 0.76 (0.68-0.83) 82 59 16 97 <7.5cm
MMT 0.77 (0.69-0.84) 82 61 16 97 >2
Interincisor gap 0.82(0.74-0.88) 91 68 21 99 <4 cm

AUC : Areaunder receiver operating characteristic curve.
Cl  : Confidenceinterval.

MMT: Modified Mallampati test.

NPV : Negative predictive value.

RHTMD: Ratio of height to thyromental distance.
RNTMD: Ratio of neck length to thyromental distance.
TMD  : Thyromental distance.
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Table (3): Univariate analysis for predictors of difficult laryngoscopy and difficult intubation.

Difficult laryngoscopy

Difficult intubation

(n=18/129) (n=11/129)

Odd ratio P- Odd ratio P-

(Cl 95%) value (Cl 95%) value
Age (years) 1.07 (1.02-1.12) 0.007 1.05(0.99-1.11) 0.087
Male sex 3.29(1.15-9.41) 0.027 1.75 (0.51-6.06) 0.377
Weight (kg) 1.001 (0.99-1.03) 0.358 1.02 (0.99-1.04) 0.139
Height (cm) 1.03 (0.98-1.08) 0.309 1.01 (0.95-1.07) 0.720
Body massindex (kg.m_z) 1.01 (0.96-1.07) 0.709 1.04 (0.98-1.10) 0.222
ASA-PS 2.77 (0.91-8.37) 0.072 2.95(0.79-11.07) 0.109
MMT 2.63(1.46-4.74) 0.001 3.06 (1.41-6.62) 0.005
Interincisor gap (cm) 0.2 (0.09-0.51) 0.001 0.13(0.04-0.44) 0.001
Neck length (cm) 0.77 (0.54-1.10) 0.148 0.77 (0.49-1.20) 0.240
TMD (cm) 0.40 (0.24-0.67) 0.001 0.40 (0.21-0.76) 0.005
RNTMD 24.00 (1.79-326.93) 0.017 23.90 (0.99-576.18) 0.051
RHTMD 1.35 (1.16-1.58) <0.001 1.32 (1.10-1.57) 0.002
ASA-PS: American Society of anesthesiologist- RHTMD: Ratio of height to thyromental distance.

physical status. RNTMD: Ratio of neck length to thyromental

Cl : Confidenceinterval. distance.

MMT : Modified Mallampati test.

TMD  : Thyromental distance.

Table (4): Multivariate analysis for predictors of difficult laryngoscopy and difficult intubation.

Difficult laryngoscopy

Difficult intubation

(n=18/129) (n=11/129)

Odd ratio P- Odd ratio P-

(Cl 95%) value (Cl 95%) value
Age (years) 1.06 (1.00-1.13) 0.067 1.05(0.97-1.13) 0.224
Male sex 13.34 (2.78-64.09) 0.001 5.96 (1.05-33.84) 0.044
ASA-PS 0.61(0.13-2.92) 0.533 0.89 (0.16-5.07) 0.896
MMT 2.15(0.97-4.80) 0.061 2.62(0.84-8.21) 0.098
Interincisor gap (cm) 0.12 (0.04-0.40) 0.001 0.09 (0.02-0.41) 0.002
RNTMD 7.62 (0.23-249.37) 0.254 3.42(0.05-229.72) 0.327
ASA-PS: American Society of anesthesiologist- MMT : Modified Mallampati test.

physical status. RHTMD: Ratio of height to thyromental distance.
Cl : Confidenceinterval.
Discussion cords visualization becomes more difficult. TMD is

We reported that RNTMD had moderate accura-
cy to predict difficult airway, and it was comparable
to the previously mentioned airway tests. An RNT-
MD >1.2 had a negative predictive value of 94 and
97% in expecting difficult laryngoscopy and intuba-
tion, respectively.

RNTMD isanove predictor of difficult laryn-
goscopy and intubation as it involves measurement
of neck length due to its important role in airway
management. Short neck indicates the possibility of
difficult airway [4].Asthe neck length decreases, the
neck movement becomes more restricted, so vocal

aknown predictor of difficult airway; however, it
has high specificity but low sensitivity [2]. There-
fore, in this study, we hypothesized that anew air-
way test that includes neck length and TMD would
improve the ability to predict difficult airway. How-
ever, our study results suggest that the new test did
not improve the ability of TMD to expect difficult
airway.

We also evaluated the RHTMD and we report
that its best cutoff value for prediction of difficult
airway was 21.5. This cutoff-value was within the
range of what previously reported (17.1-25) [3,10] .
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In this study, we reported that the interincisor
gap was an independent predictor of difficult laryn-
goscopy and intubation. Thisisin line with previous
data that showed that the interincisor gap isinde-
pendent predictor of adifficult airway [11.

Predicting a difficult airway isimperative for
patient safety and effective airway management.
Potential complications because of inappropriate
airway management include failed intubation or dif-
ficult ventilation, which can lead to life-threatening
situations like hypoxia or cardiac arrest [12]. Proper
airway assessment allows healthcare providers to
formulate atailored airway management plan. This
includes having specialized equipment, skilled per-
sonnel, and alternative techniques readily available
[13].

Despite the presence of many predictors and
clinical tests for airway assessment, no single test
could accurately expect all cases of difficult laryn-
goscopy [13]. It was found that only 50% of all the
difficult airways, we encountered, could be pre-
dicted preoperatively [14]. Therefore, thereisstill a
continuous search for the ideal airway test. In this
study we assessed a new airway test that includes
two predictors of difficult airway, namely the neck
length and TMD. The new test was able to predict
difficult airway, but it did not improve the ability of
TMD to expect difficult airway.

This study has some limitations. It was conduct-
ed in asingle center. We included nonobese adult
ASA [-11 patients undergoing €elective operations.
Therefore, future studies are recommended to con-
firm our finding in other populations.

Conclusion:

In adult patients, RNTMD can predict difficult
airway with moderate accuracy. An RNTMD <1.2
can exclude difficult laryngoscopy and intubation
with 94 and 97% accuracy.
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