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Beenmenne. BcecTOPOHHSAS OIIEHKA COCTOSHUS JIBIXATEbHBIX IyTel TPeOyeT 3HAHUST AaHATOMUYECKIX OCOOCHHOCTEH 11K U BEPXHUX JIbIXATEIbHbIX
myreii. Toynoe IporHo3upoBaHue MOTEHINAIbHO TPY/IHBIX J[bIXaTeJIbHBIX IyTeil SABJSETCS 3ajlaueil, 3aBHcAlell oT (pakTOpoB, CBSA3AHHBIX C TAI-
€HTOM, KJINHNIeCKOiT 06cTanoBKo# 1 kBannbukanmeil anecreznosora. Hecrmoco6HOCTh MPeaBUETh TPYAHOCTH € 00€CTIEYeHIEM TPOXOANMOCTH
JIBIXaTEIbHBIX IIyTEH OCTACTCs PACIPOCTPAHCHHOI IIPUYMHON OCJIOXKHEHU, CBS3aHHBIX C AaHECTE3HUCI.

Ilexp — o1eHNTH B3aNMOCBA3b MeXK Ty okpyskHocThIo men (OILD), TupomenTanpoit mucranimeii (TM/]) 1 yacTOTOI BOSHUKHOBEHMS TPYAHOCTEH
pu UHTYGAIMHT Y B3POCJIBIX MAIMEHTOB, KOTOPBIM BBITOJHEHDI IJIAHOBBIE ONEPATHBHBIC BMEIIATEIbCTBA B YCIOBUSIX OOIICH aHeCTE3U .

Marepuaibl u MeTozbl. B nccnenosarme 6ot Bimodersl 100 narprentos, otHocsmmxest K [ u [T crenernn pricka 1o ASA, miepeHecimx IiaHoBble orepa-
MU B YCJIOBUSIX 0011el anecTeswu ¢ nuTybareil Tpaxer. [larmenTsr b 06¢e[0BaHbI /10 ONepariu 1 Bo Bpems onepariii. CO0p IaHHBIX MTPOBONIN
C MCIIOJIb30BAHNEM AHKETBI TTAIMEeHTa, KOTOPasi BKIIIoYaeT JieMorpadudeckue ganHble, mHieke Macesl Testa (MMT), TM/], coornommenne O/ TM/] u
MoanHIIPoBaHHbIH TecT Mastammari. [[Jist cTaTHCTHYECKOTO aHAIN3a JIAHHBIX HCTIOIb30BaIi CTATUCTIHYECKOe porpamMmHoe obectiederne (SPSS 20.0).

Pesyabratsl. B cayuasix TpyaHoii untyGannu TM/T snaunmo menbine (cpeatee = 6,07 em, SD = 0,892), uem nipu ee orcyrersuu (7,31 em, SD = 0,877,
P =0,02994). 3naueHus COOTHONIEH ST MEFKLY OKPYKHOCTDIO tier u TM/I y g 6e3 Tpyanoit untybanuu 6osee nuskue: 4,78 (SD = 0,466) nportus
5,71; SD = 0,183 (P < 0,001).

3axmouenue. Coornomenne OII/TM/I asistercs poctbiM, dPMEKTUBHLIM U HEMHBA3UBHBIM OKa3aTeJaeM Ca0KHOCTH nutybarmn. OHo ze-
MOHCTPHPYET MPEBOCXOAHYIO YyBCTBUTEIBHOCTD U crielnduaHocTsb 110 cpaienuio ¢ Ol n Mamrammaru-recrom. PerysipHoe BKIioueHme aToro
U3MEPEHHUsT B TIPEIOTIEPAIHOHHYIO OTEHKY COCTOSIHUST JIBIXaTEIBHBIX MTYTEH MOKET HOBBICUTH OE30MaCHOCTD AaHECTE3UH.

Kmouesole cnosa: MOZ[I/I(bI/IL[I/IpOBaHHaﬂ IIKaJIa MaJUIaMHaTI/I, CJIOKHast I/IHTyéaHI/ISL OKPY’KHOCTD M€, THPOMEHTa/IbHaA IUCTAHIINA, MHAEKC MaCChl TeJIa
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Introduction. A comprehensive airway assessment requires an understanding of the anatomical features of the neck and upper airway. Accurately
predicting a potentially difficult airway is a multifactorial challenge, dependent on patient-related factors, clinical context, and the anesthesiolo-
gist’s proficiency. Failure to anticipate a difficult airway remains a common cause of anesthesia-related complications.

The objective was to evaluate the relationship between the neck circumference to thyromental distance ratio (NC/TMD) and the incidence of
difficult intubation in adult patients scheduled for elective surgeries under general anesthesia.

Materials and method. This study included 100 patients undergoing elective surgeries under general anesthesia with endotracheal intubation of
ASA grades I and II. Patients were examined preoperatively and intraoperatively. Data collection using the patient proforma which includes the
demographic data, body mass index (BMTI), NC/TMD ratio, thyromental distance (TMD), and Modified Mallampati Test (MMT). Statistical
software (SPSS 20.0) was used for statistical analyses of the data.

Results. In cases of difficult intubation, TMD was significantly lower (mean = 6.07 ¢cm, SD = 0.892) than in its absence (7.31 ¢cm, SD = 0.877,
P =0.02994). The values of the ratio between neck circumference and TMD in individuals without difficult intubation were lower: 4.78 (SD = 0.466)
versus 5.71; SD = 0.183 (P < 0.001).

Conclusion. The NC/TMD ratio is a simple, effective, and non-invasive predictor of difficult intubation. It demonstrates superior sensitivity and speci-
ficity compared to NC and MMT. Routine incorporation of this measurement in preoperative airway assessment could improve the safety of anesthesia.
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Introduction

The occurrence of a challenging laryngoscopy is ap-
proximately the same (around 10%) across non-obese
individuals and obese individuals. However, there
have been an increasing number of studies indicating
challenges in performing intubation in obese patients
[10]. This is attributed to difficult visualization of lar-
ynx in obese patients which might lead to difficult
intubation. DI is a major concern for anesthesiologists
and it accounts to 17% of airway injuries and leads
to significant perioperative morbidity and mortality.
Radiological imaging like ultrasonography, magnetic
resonance imaging and computed tomography scans
also have shown the presence of excess soft tissue in
various areas of neck like the pharynx, retro pharynx,
suprasternal notch, at the level of cords and lateral
neck region of obese patients [2]. Several clinical in-
dicators can raise the risk of a challenging airway in
obese people. Some of these characteristics include
an enlarged airway management in patients planned
for general anaesthesia is of utmost importance for an
anesthesiologist since ages.

Prediction of difficult intubation is one of the most
challenging tasks for any anaesthesiologist and it is
affected by not only the patient factors but the clini-
cal settings, risk assessment, clinical judgement and
skills of an anesthesiologist as well [13]. The difficult
endotracheal intubation as per the ASA guidelines is
defined as «more than three attempts or more than ten
minutes proper for insertion of a tracheal tube with
conventional laryngoscopy» [8].

The hypothesis is that the ratio of neck circumfer-
ence to thyromental distance (NC/TMD ratio) of more
than or equal to five will predict a difficult intubation
and will have a better statistical and clinical signifi-
cance as compared to other standard indices of airway
assessment among patients. Therefore, in this study,
our goal was to investigate a preoperative indicator
of challenging intubation named the ratio of neck cir-
cumference to thyromental distance.

This indicator does not require any specialized
equipment, can be performed quickly, is not uncom-
fortable for the patient, and is noninvasive. The current
study examines the efficacy of the neck circumference/
thyromental distance ratio (NC/TM distance ratio) in
comparison to the Mallampati score and neck circum-
ference as accurate indicators for predicting difficult
intubation.

The objective of the study was to assess the validity
of neck circumference to thyromental distance ratio
(NC/TMD) as an important parameter to predict dif-
ficult intubation amongst adult patients undergoing
elective surgery under general anaesthesia.

Materials and methods
The clinical study was conducted at People’s College

of Medical Sciences & Research Centre, Bhopal, India
in the span of six months.
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Permission of the Ethics Committee: this work was
approved by Institutional Ethical Committee Code:
TEC-2022/66.

100 patients were studied after approval by the In-
stitutional Ethical Committee (IEC-2022/66) and
written informed consent. Age more than 18 and less
than 65 years, ASA class I and II, patients scheduled
for elective surgery under general anaesthesia with en-
dotracheal intubation were included.

Exclusion criteria: patients less than 18 years and
more than 65 years of age. Patients scheduled for gen-
eral anaesthesia without endotracheal intubation such
as mask ventilation, use of laryngeal mask airways, se-
dation, monitored anesthetic care were excluded. Pa-
tients coming for surgery under regional anaesthesia.
Patients with upper airway pathologies, thyroid gland
dysfunction, facial and maxillary fractures. Obstetric
patients and cervical spine fractures were excluded
along with patient refusal to participate in the study.

Preoperative assessment. It consisted of proforma
with emphasis on a) demography of patient b) body
mass index c) airway assessment variables include: 1)
neck circumference (measured at the level of cricoid
cartilage); 2) thyromental distance (the distance
between thyroid cartilage and mentum with neck
fully extended); 3) the ratio of neck circumference
to thyromental distance (NC/TM distance ratio);
4) Mallampati classification without phonation.

Intraoperative assessment. Difliculty of intubation
was assessed by anesthetist by filing up intubation
difficulty score (validated IDS score) [17 Adnet] after
intubation. Intubation difficulty score consists of seven
variables from N1 to N7. The sum of N1 to N7 gives
total IDS score. Any score of greater than or equal to
five was considered to be difficult intubation and score
less than five considered to be easy intubation.

Statistical analysis. The results are presented as
numbers (percentage). The Chi-square test was used.
Statistical analysis was performed using SPSS software,
and statistical significance was set at p < 0.05.

Results

The distribution illustrates a clear trend in table 1:
as the Mallampati grading increases, the proportion of
difficult intubation cases also rises, particularly noticeable
in Grades 3 and 4, where the rates significantly exceed
those of Grades 1 and 2. The statistical significance of
this trend was evaluated using Pearson’s Chi-square test,
resulting in a Chi2 value of 26.67 and a P-value of less
than 0.0001. This highly significant P-value indicates a
strong association between higher Mallampati grades
and an increased incidence of difficult intubation.

Table 2 categorizes the ease of intubation according
to the Intubation Difficulty Scale (IDS) and its
correlation with the occurrence of difficult intubation
among 100 participants.

Table 3 provides an analysis of various body param-
eters and their correlation with difficult intubation
among participants, summarized as follows:
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Table 1. Mallampati Grading among participants (n = 100)

e Difficult Intubation
NO YES Total
1 33 3 36
40.24 16.67 36.00
2 41 4 45
50.00 22.22 45.00
3 6 6 12
7.32 33.33 12.00
4 2 5 7
2.44 27.78 7.00
Total 82 18 100
Pearson Chi2 = 26.67; P-value < 0.0001
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Fig 1. Mallampati Grading among participants (z = 100)

Table 2. Ease of Intubation according to IDS Scale (n = 100)
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Fig 2. Ease of Intubation according to IDS Scale (2 =100)

DS Difficult Intubation
No YES Total
Easy 18 0 18
21.95 0.00 18.00
Slightly Difficult 64 10 74
78.05 55.56 74.00
Moderate to Major Difficult 0 8 8
0.00 44.44 8.00
Total 82 18 100
Pearson Chi2 = 41.40; p-value < 0.0001

* BMI (Body Mass Index): the mean BMI for partici-
pants without difficult intubation was 25.2 (SD = 2.67),
while for those with difficult intubation, it was 28.00
(SD = 2.40). The difference is statistically significant
(P-value = 0.0001), indicating higher BMI is associ-
ated with an increased incidence of difficult intubation;

* Obesity: 7.2% of participants without difficult in-
tubation were classified as obese, compared to 22.2%
of those with difficult intubation. The difference ap-
proached statistical significance (P-value = 0.059), sug-
gesting a trend toward higher obesity rates in those
experiencing difficult intubation;

* Neck circumference: The mean neck circumference
for participants without difficult intubation was 34.96
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cm (SD = 5.44), and for those with difficult intuba-
tion, it was significantly higher at 40.46 cm (SD = 5.68)
(P-value = 0.0002).

Thyromental distance: there was a significant differ-
ence in thyromental distance between those without
(mean = 7.31 cm, SD = 0.877) and with difficult intuba-
tion (mean = 6.07 cm, SD = 0.892) (P-value = 0.02994).
Neck Circumference-to-Thyromental Distance Ratio:
participants without difficult intubation had a lower
mean ratio of 4.78 (SD = 0.466) compared to those
with difficult intubation, who had a significantly high-
er mean ratio of 5.71 (SD = 0.183) (P-value < 0.001).
The 95% confidence intervals for these means did not
overlap, further highlighting the significant difference.
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Table 3. Body Parameters

Difficult Intubation
Parameter Mean (SD) P-value
No YES
BMI 25.2 (2.67) 28.00 (2.40) 0.0001
Obese 6 (7.2%) 4(22.2%) 0.059
NC 34.96 (5.44) 40.46(5.68) 0.0002
TMD 7.31(0.877) 6.07 (0.892) 0.029
NC/TMD 4.78 (0.466) 5.71 (0.183) <0.0001
Table 4. Logistic regression for difficult intubation
Variable Odds ratio P-value 95% ClI

NC/TMD 9.47 < 0.0001 3.30 25.86
BMI 0.85 0.426 0.58 1.25
Age 0.963 0.324 0.89 1.08
Male 0.909 0.917 0.15 5.49
Female 1.0 - - -

The analysis indicates that certain body parameters,
particularly BMI, neck circumference, and the neck
circumference-to-thyromental distance ratio, are sig-
nificantly associated with an increased risk of difficult
intubation. These findings underscore the importance of
considering these parameters in the preoperative assess-
ment to identify patients at risk for difficult intubation
and prepare appropriate airway management strategies.

Table 4 presents the results of a logistic regression
analysis investigating the association of various factors
with the likelihood of difficult intubation, expressed
as odds ratios (ORs), P-values, and 95% confidence
intervals (CIs).

Neck Circumference-to-Thyromental Distance
Ratio: the analysis showed a significant association,
with an OR of 9.47 (95% CI: 3.30-25.86, P-value <
0.0001), indicating that each unit increase in the ratio
increases the odds of difficult intubation by approxi-
mately 9.47 times.

* BMI (Body Mass Index): BMI was not significantly
associated with difficult intubation, with an OR of 0.85
(95% CI: 0.58—-1.25, P-value = 0.426). This suggests
that, within this study, BMI alone does not signifi-
cantly influence the likelihood of difficult intubation.

* Age: age also showed no significant association with
difficult intubation, evidenced by an OR of 0.963 (95%
CI: 0.89-1.03, P-value = 0.324), indicating that the
likelihood of difficult intubation does not significantly
decrease or increase with age in this sample.

* Gender: male participants had an OR of 0.909 (95%
CI: 0.15-5.49, P-value = 0.917) compared to female
participants, indicating no significant gender difference
in the odds of experiencing difficult intubation. Female
participants are the reference category (OR = 1.0). The
results from the logistic regression analysis underscore
the importance of the neck circumference-to-thyro-
mental distance ratio as a significant predictor of diffi-
cult intubation. In contrast, BMI, age, and gender were
not statistically significant predictors in this model.
This analysis provides valuable insights into factors
that may warrant consideration during preoperative
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airway assessments to identify patients at higher risk
for difficult intubation.

Discussion

The existing data are inconclusive and there is a di-
vergence of perspectives on the challenge of tracheal in-
tubation. Various endeavors have been made to provide
precise predictors for difficulty laryngoscopy or difficult
intubation. The present study was undertaken to as-
sess the validity of neck circumference to thyromental
distance ratio (NC/TMD) as an important parameter
to predict difficult intubation amongst adult patients
undergoing elective surgery under general anaesthesia.

A total of 100 patients who were scheduled for elective
surgery were evaluated for the presence of difficult intu-
bation in the study. The group consisted of individuals
from varied demographic backgrounds and with varying
physical attributes, enabling a thorough investigation
of factors that predict and the occurrence rate of diffi-
cult intubation. Patients had a preoperative assessment,
which included the evaluation of the Mallampati score,
measurement of thyromental distance, and assessment
of neck mobility. Anesthesia was delivered according
to established protocols, and the level of difficulty in
intubation was assessed using the Intubation Difficulty
Scale (IDS). The findings indicated that 18% of patients
encountered challenging intubation, specifically defined
as having an IDS score of 5 or higher. The reported in-
cidence by G.Fotopoulou et al. [7] (20%), G.S. Voyagis
etal.[24] (20.2%), D. Castro et al. [4] (20.75%). In con-
trast, other authors such as T. Shiga et al. [21] (15.8%),
PJuvinetal. [12] (15.5%), H.Gonzalez et al. 9] (14.3%),
W.H. Kim et al. [13] (13.8%), and S.Shailaja et al. [22]
(11%) reported a lower incidence. Therefore, the litera-
ture study indicates that the occurrence of problematic
intubation ranged from 11% to 22%.

The present study found a highly significant P-value
(p < 0.0001) indicating a strong association between
higher Mallampati grades and an increased incidence
of difficult intubation. The distribution of patients ac-
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cording Mallampati grade score illustrates a clear trend:
as the Mallampati grading increases, the proportion of
difficult intubation cases also rises, particularly notice-
able in Grades 3 and 4, where the rates significantly
exceed those of Grades 1 and 2. Our results are in con-
cordance with other studies reported in the literature.
The Mallampati score has become a standard part of a
comprehensive airway evaluation, although its predic-
tive value for difficult intubation has proven to be low.
The Mallampati score is based upon visualization of
anatomical oropharyngeal structures and relates them
to intubation difficulty [20]. One of the adjustments
made to the Mallampati scoring system is the one by
Samsoon and Young, which adds a fourth class to the
descriptions of oropharyngeal exposures [20]. Some
drawbacks of the modified Mallampati classification
include interobserver variability and reliance on pa-
tient compliance. According to research by A. Lee et al.
[14], the categorization was not very good at predicting
difficult intubations. Additionally, other authors have
found that, in order to improve diagnostic accuracy, it
should be used in conjunction with other predictors
rather than being used alone as a test to predict difficult
intubation or laryngoscopy [ 16, 18].

The Intubation Difficulty Scale (IDS) was developed
by F. Adnet et al. [1]. It has seven objective features that
are utilized for the assessment of intubation. IDS has been
employed as a verified measure of difficulty to character-
ize challenging intubation. The present study utilized the
FAdnet Intubation Difficulty Scale score to determine
the frequency of intubation difficulty in individuals un-
dergoing elective surgery under general anesthesia.

W. Koh et al. [14] found the Cormack-Lehane grade
was most sensitive for predicting difficult intubation
compared with other parameters of IDS and their find-
ingsindicated a correlation between Cormack-Lehane
grade 3 or 4 and the likelihood of encountering chal-
lenges during intubation. These findings suggest that
even though the actual incidence of difficult intubation
(5.8%) was lower in patients with a Cormack-Lehane
grade of 3 or 4 (16.2%), anesthesiologists should always
be prepared for difficult intubation when encountering
patients with a high Cormack Lehane grade.

The present study found a clear delineation between
the perceived difficulty of intubation and the actual
incidence of difficult intubation, especially highlighted
by the 100% incidence rate in the «Moderate to Ma-
jor Difficult» category with a statistical significance
(p=0.0000) difference. This highly significant P-value
strongly indicates a significant association between the
IDS category and the occurrence of difficult intuba-
tion. All 18 cases classified as «Easy» experienced no
difficult intubation, indicating a 0% incidence of diffi-

culty in this category. Of the 74 cases deemed «Slightly
Difficult», 10 were identified as difficult intubations,
accounting for 55.56% of all difficult intubation cases.
In the «Moderate to Major Difficult»> category, all 8
cases were considered difficult intubations, compris-
ing 44.44% of the difficult cases. The present study
analyzed various body parameters and their correla-
tion with difficult intubation among participant. The
mean BMI for participants without difficult intubation
was 25.2 (SD = 2.67), while for those with difficult
intubation, it was 28.00 (SD = 2.40). The difference is
statistically significant (P-value = 0.0001), indicating
higher BMI is associated with an increased incidence of
difficult intubation. The mean neck circumference for
participants without difficult intubation was 34.96 cm
(SD = 5.44), and for those with difficult intubation,
it was significantly higher at 40.46 cm (SD = 5.68)
(P-value = 0.0002). There was a significant differ-
ence in thyromental distance between those without
(mean =7.31 cm, SD =0.877) and with difficult intuba-
tion (mean = 6.07 cm, SD = 0.892) (P-value = 0.02994).
Participants without difficult intubation had a lower
mean ratio of 4.78 (SD = 0.466) compared to those
with difficult intubation, who had a significantly higher
mean ratio of 5.71 (SD = 0.183) (P-value < 0.001).
The 95% confidence intervals for these means did
not overlap, further highlighting the significant dif-
ference. Comparing our study with various studies, a
study conducted by W.Ittichaikulthol et al. [11] with
a substantial sample size that the combination of MMT
(Mallampati Modified Test) and TMD (Thyromental
Distance) were reliable indicators of a challenging la-
ryngoscopy procedure in the Thai population. Never-
theless, they employed a TMD value of < 6 cm which
differs from the < 6.5 cms parameter utilized in the
present investigation [11]. Another study by E. Mag-
alhaes et al. [17] that evaluated Chinese women who
were pregnant and those who were not pregnant and
discovered that the combination of predicting factors
might enhance the accuracy. A study conducted by
J. L. Diaz-Gomez et al. in the United States found that
the utilization of up to ten measurements significantly
enhanced the predictability of a challenging intubation
by improving the aggregate set of factors [6].

The results from the logistic regression analysis
underscore the importance of the neck circumfer-
ence-to-thyromental distance ratio as a significant
predictor of difficult intubation. In contrast, BMI, age,
and gender were not statistically significant predictors
in this model. This analysis provides valuable insights
into factors that may warrant consideration during
preoperative airway assessments to identify patients
at higher risk for difficult intubation.
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