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Abstract

Introduction: Difficult laryngoscopy (DL) was established as the most accurate determinant of difficult intubation. Here, we
sought to assess the diagnostic value of various bedside tests for predicting DL. We also aimed to create a regression model
in this context.

Methods: 137 patients were included in the study. Demographic features and eight diagnostic variables were evaluated for
DL predictivity. These were retrognathia, presence of buck teeth, modified Mallampati test (MMT), upper lip bite test (ULBT),
sternomental distance, interincisor distance (IID), thyromental distance, and neck circumference. DL was identified by Grade
ll-IV view during laryngoscopy according to the Cormack-Lehane classification.

Results: The frequency of DL was 27% (n=37) in our sample population. Among predictive tests, IID was lower in patients
with DL, while mean MMT score, frequency of retrognathia, and that of Grade 3 in ULBT were significantly higher. According
to the results of logistic regression analyses IID (Odds Ratio [OR]: 0.504, Confidence intervals [Cl] 95% [0.260-0.978], p=0.043),
MMT score (OR: 2.001, C195% [1.159-3.454], p=0.013), and presence of retrognathia (OR: 0.108, Cl 95% [0.019-0.613], p=0.012)
were determined as independent predictors of DL. Our predictive model (two out of three factors: IID <4 cm, MMT score=>3,
and retrognathia) anticipated DL with a sensitivity of 35.1%, a specificity of 91%, a negative predictive value of 79.1%, and
an accuracy of 75.9%.

Discussion and Conclusion: None of the bedside tests or their dual combinations had considerable success for predicting DL in
our study. Considering this fact and variation of the predictive performance of bedside tests for DL among different ethnicities,
we composed a distinctive regression model. This model anticipated DL with reasonable specificity and accuracy rates.

Keywords: Cephalometry; endotracheal intubation; ethnicity; laryngoscopy; regression analysis; retrognathia.

ailed intubation is a major cause of morbidity and mor-
Ftality in anesthetic procedures. Predicting difficult intu-
bation (DI) before induction of anesthesia may improve the
outcome mainly through providing the presence of trained
and well-equipped personnel in the operation room!'1. In
this sense, difficult laryngoscopy (DL) was established as
the most accurate determinant of DI®), The prevalence of
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DL was reported in a wide range between 1% and 20% due
to diversifying definition of the outcome, selected popu-
lation (obese, parturient, subjects with restricted cervical
mobility, etc.), method of choice, individually determined
cutoff values, and ethnic considerations3-¢!,

Cormack-Lehane (CL) classification is the most commonly
used scale for identifying the difficulty in the laryngeal
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view. However, the laryngeal view can only be graded af-
ter insertion of the laryngoscope with adequate muscle
relaxation by this method[36l. Therefore, various bedside
investigations were suggested for anticipating DL. Unfor-
tunately, none of these single airway tests consistently
reached reasonable sensitivity and diagnostic accuracy
rates(246], Although the precision success was enhanced
by combining two or three modalities or incorporating
them into various diagnostic models, obtaining an optimal
predictive method seems unlikely, particularly when the
low incidence of DI was considered!23->],

Here, we sought to identify the determinants of DL in Turk-
ish patients using eight different variables (including struc-
tural abnormalities, pre-defined tests, and cephalometric
measures) in addition to demographic features. We also
aimed to create a predictive model with the help of this
comprehensive dataset.

Materials and Methods

Study Qualification and Patient Selection

Adult patients (ASA I-ll), to whom an elective surgery un-
der general anesthesia was planned, were assessed for in-
clusion. One-hundred and sixty consecutive patients were
evaluated and 15 of them were excluded at the preoper-
ative examination. Criteria for exclusion were: History of
craniofacial surgery or restriction of cervical mobility, eden-
tulous patients, and pregnant women, patients who did
not have a proper mouth opening (<3 cm), and those who
might require awake intubation or rapid sequence induc-
tion. At the last step 8 patients had to be excluded due to
the cancellation of the surgery or change in the anesthetic
strategy. Ultimately, 137 patients constituted the sample
population.

The study was approved by the local ethical committee
of Bakirkoy Dr. Sadi Konuk Training and Research Hospital
(Protocol no: 2019/210, Date of approval: May 06, 2019)
thus, comply with the ethical standards stated by the re-
cent version of the Declaration of Helsinki. Written in-
formed consent was received from all of the participants.
The study was registered at clinicaltrials.gov (Identifier:
NCT04711018).

Noninvasive Tests and Cephalometric Measures

At the pre-operative interview, the height and weight of
the participants were measured and body mass index
(BMI) was calculated by the Du Bois method. The presence
of retrognathia (reduced temporomandibular joint-incisor
distance) and buck teeth was noted. Modified Mallampati

test (MMT) was performed in the sitting position. Patients
were asked to open their mouths as much as they could
and protrude the tongue without phonation. MMT is an
easily-applied test which enables the direct visualization of
pharyngeal structures and assessing the size of the tongue
with reference to the oral cavity. A scale ranging between 1
and 4 points is used and scores of 3 or 4 are considered as
predictors of DL. In the former, only the base of the uvula
and soft palate can be observed, whereas none of the pha-
ryngeal structures can be visualized in the latter”]. Upper
lip bite test (ULBT) is another commonly used method that
helps to assess the range of mandibular movement. ULBT is
performed in the neutral position of the head and graded
as 1-3 according to the extension ability of lower incisors,
where grade 3 is a determinant of DL: 1-lower incisors can
bite the upper lip beyond the vermilion, 2-lower incisors
cannot be extended up to the vermilion but they still can
bite the upper lip, and 3-lower incisors cannot bite the up-
per lip at all(8l,

Anatomical landmarks and pre-described cutoff values of
cephalometric measures used in this study are as follows:

Sternomental distance (SMD): The distance between
the mentum and upper border of the manubrium sterni
when the head is fully extended and the mouth is closed.
A minimum SMD measurement of 12.5-15 cm is an indi-
cator of adequate cranial and cervical mobility!®]. The ev-
idence-based standard cutoff value was accepted as 13.5
cml12],

Thyromental distance (TMD): The distance between men-
tum and the thyroid notch when the head is fully extended.
A measurement of 6-6.5 cm and lower was designated to
be associated with DLB:1911] The literature derived cutoff
value for TMD was set to 6.5 cm[3l,

Interincisor distance (lID): The distance between upper
and lower incisors when the mouth is fully opened.

Neck circumference (NC): It was measured at the level of
the cricoid cartilage, perpendicular to the cervical axis. The
pre-defined cutoff value of NC was taken as 43 mml12,

Standart cutoff values of the tests drawn from the literature
as well as the values obtained from the ROC analyses of our
sample population were used while assessing the sensitiv-
ity specificity rates.

Anesthesia Procedure and Evaluation of DL

The patients were premedicated with 0.03 mg/kg and
oxygenated with the help of a bag-mask. Anesthesia was
induced by consequent administration of 2 mcg/kg fen-
tanyl, 1 mg/kg lidocaine, 2 mg/kg propofol, and 0.7 mg/kg
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rocuronium bromide thereafter. Two minutes after induc-
tion, the laryngoscopy was performed by the same experi-
enced anesthesiologist (who was blinded to pre-operative
measurements) with the help of an appropriate size Mac-
intosh blade. The patient’s head was held in the sniffing
position at that time. External manipulation was not used
for improving the view. CL classification was used for grad-
ing laryngeal view of which Grade | represented the full
view of glottis and Grade Il stood for visualization of only
the posterior commissure of laryngeal aperture. Grade llI
and Grade IV corresponded to the visualization of only the
epiglottis and only soft palate; respectively. A CL-class of llI
or IV was identified as DLIS],

Statistical Analysis

The data in this study were presented as meantstandard
deviation and percent (number of cases) for continuous
and categorical variables, respectively. The normality of
continuous variables was assessed with the Shapiro-Wilk
test. According to the state of following a normal distribu-
tion, unpaired-t and Mann-Whitney-U tests were utilized
for distinguishing the variables between patients with
and without DL. The parameters revealing a difference

nation of the tests, and our diagnostic model was assessed
for their predictive performances. Sensitivity, specificity,
diagnostic accuracy, positive likelihood ratio, positive pre-
dictive value, and negative predictive value of these items
were calculated. Statistical Package for the Social Sciences
(SPSS version 22.0, SPSS Inc., Chicago, IL, USA) was used for
these assessments.

Results

The data of one-hundred and thirty-seven patients were
assessed. The mean age of the participants was 45+11.1
and 67.9% of them were female. The frequency of DL was
27% (n=37) in our sample population. The demographic
characteristics were comparable between patients with
and without DL (Table 1). More than one attempts were re-
quired for intubation of seven patients (4.4% of the entire
population) in the DL + group and video laryngoscope was
used in two of these cases.

Among predictive tests, IID was lower (cm, 4.5+0.7 vs.
4.1+£0.7, p<0.01), and MMT score (1.93£0.76 vs. 2.35+0.86,
p=0.01), frequency of retrognathia (%, 2 vs. 18.9, p<0.001),
and observing Grade 3 in ULBT (%, 15 vs. 32.4, p=0.02) were

Table 1. Demographic characteristics of the sample population. BMI, body mass index; DL, difficult laryngoscopy

Overall (n=137) DL - (n=100) DL + (n=37) P
Age, years; Mean+SD * 45+11.1 44.6x11.4 46+10.5 0.532
Gender, female; % (n) 67.9 (93) 66 (66) 73 (27) 0.438
BMI, kg/m?2; Mean+SD * 29.1+4.7 29.2+4.7 28.8+4.7 0.638
ASA class, Mean+SD t 1.6+0.5 1.6+0.5 1.6+0.5 0.706

* Unpaired-t test was used for comparison. t Mann-Whitney-U test was used for comparison.

between these groups, with a significance level of p<0.10,
were further tested in binary logistic regression analysis
to determine the predictive performance. Multiple logis-
tic regression analysis was used to establish the indepen-
dent predictors of DL with the parameters found to be
potentially associated with DL in the previous analysis. In
line with the findings of regression analyses, a diagnostic
model comprising of retrognathia, MMT score of 3 or 4,
and lID (=4 cm) was developed for anticipating DL. If two of
these three features were met, the patient was assumed to
have DL. Ultimately, the prediction ability of the model was
validated by an additional ROC analysis.

The ROC analyses were also performed to detect the cut-off
values of cephalometric measures. These values and stan-
dard cutoff levels derived from the literature search, combi-

Table 2. Comparison of patients with or without difficult
laryngoscopy by means of anatomic features, diagnostic tests, and
cephalometric measures

DL-(n=100) DL+ (n=37) P
Buck teeth, % (n) 5(5) 10.8 (4) 0.223
Retrognathia, % (n) 2(2) 18.9(7) <0.001
ULBT Grade 3, % (n) 15 (15) 324(12) 0.023
MMT score; Mean+SD t 1.9+0.8 2.4+09 0.009
SMD, cm; Mean+SD * 15.6+2.4 14.8+2.1 0.066
IID, cm; Mean+SD t 4.5+0.7 4.1+0.7 0.004
TMD, cm; MeanzSD t 8.5t1.6 8.3t14 0.447
NC, cm; Mean%SD t 38.9+4 39.5+4.8 0.815

DL: difficult laryngoscopy; IID: interincisor distance; MMT: modified
Mallampati test; NC: neck circumference; SMD: sternomental distance;
TMD: thyromental distance; ULBT: upper lip bite test. * Unpaired-t test was
used for comparison. T Mann-Whitney-U test was used for comparison.
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significantly higher in patients with DL (Table 2).

ROC analysis identified a significant relationship of DL
only with IID (AUC: 0.658, p=0.005) and SMD (AUC: 0.618,
p=0.035) among all cephalometric measures (Fig. 1). A cut-
off value of 4 cm was identified for IID, and that of 15.5 cm
was selected for SMD.

SMD, IID, MMT score, Grade 3 ULBT, and presence of retrog-
nathia were involved in the regression analysis. All of these
tests but not SMD exhibited a significant relationship with
DVL, thus involved in multiple regression analysis. Even-
tually, 1ID (Odds ratio [OR]: 0.504, Cl 95% [0.260-0.978],
p=0.043), MMT score (OR: 2.001, ClI 95% [1.159-3.454],
p=0.013), and presence of retrognathia (OR: 0.108, Cl 95%
[0.019-0.613], p=0.012) were determined as independent
predictors of DL (Table 3). When the predictive perfor-
mance of single tests was considered, SMD <15.5 cm had
the highest sensitivity (67.6%) and retrognathia had the
highest specificity (98%). Dual combinations of MMT, SMD,
and IID had low sensitivity and moderate-high specificity
rates. Our predictive model anticipated DL with a sensitiv-
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Figure 1. ROC analysis curves representing the diagnostic accuracy
of measures for predicting difficult laryngeal visualization. AUC for
interincisor distance was 0.658 (p=0.005) and AUC for sternomental
distance was 0.618 (p=0.035).

ity of 35.1%, a specificity of 91%, an accuracy of 75.9%, a
positive predictive value of 59.1%, a negative predictive
value of 79.1%, and a positive likelihood ratio of 12.3. The
model had the highest positive likelihood ratio among the

Table 3. Results of the logistic regression analyses performed for predicting difficult laringoscopy

0Odds Ratio Confidence Interval 95% p

Binary Logistic Regression analysis

Sternomental Distance 0.856 0.723-1.012 0.069

Interincisor Distance 0.429 0.229-0.806 0.008

Modified Mallampati Test score 1.981 1.199-3.273 0.008

Retrognathia 0.087 0.017-0.444 0.003

Upper Lip Bite Test Grade 3 2.720 1.128-6.560 0.026
Multiple Logistic Regression analysis

Interincisor Distance 0.504 0.260-0.978 0.043

Modified Mallampati Test score 2.001 1.159-3.453 0.013

Retrognathia 0.108 0.019-0.613 0.012

Upper Lip Bite Test Grade 3 0.695 0.248-1.945 0.489

Table 4. Predictive performance of diagnostic tests for estimating difficult laryngoscopy. Both cut-off values derived from ROC analysis and

literature review were included in the analysis for SMD and IID

Predictive test Sensitivity (%) Specificity (%) Accuracy (%) (+) LHR PPV (%) NPV (%)
MMT score (3 or 4) 48.6 75 67.9 6.7 41.9 79.8
ULBT (Grade 3) 324 85 70.8 4.8 444 773
SMD < 15.5cm 67.6 55 58.4 5.6 35.7 82.1
SMD <13.5cm 37.8 81 69.3 49 424 779
IID<4cm 64.9 66 65.7 10.5 41.4 83.5
TMD <6.5cm 16.2 86 67.2 0.1 30 73.5
NC=>=43cm 18.9 91 71.5 2.4 438 75.2
SMD +1ID * 43.2 82 71.5 8.6 47.1 79.6
MMT + SMD * 324 87 723 6.3 48 77.7
MMT + IID * 29.7 92 75.2 9.5 57.9 78
Retrognathia 18.9 98 76.6 10.9 77.8 76.6
Regression model + 35.1 91 75.9 123 59.1 79.1

IID: interincisor distance; LHR: likelihood ratio; MMT: modified Mallampati test; NC: neck circumference; SMD: sternomental distance; TMD: thyromental

distance; ULBT: upper lip bite test. * The cut-off values derived from ROC analysis were used for assessing the performance of combination of tests. +

Regression model included MMT score of 3 or 4, IID<4 cm, and presence of retrognathia. Two out of these three variables were sought for a positive result.
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entire list of the tests and their combinations (Table 4). The
diagnostic accuracy of the model was also validated with
ROC analysis (AUC: 0.63, 95% Cl [0.52-0.74], p=0.02).

Discussion

Difficult tracheal intubation is recognized as the main haz-
ard for adverse respiratory events in the perioperative set-
ting. It was proven to be associated not only with increased
risk of severe complications such as death and hypoxic
brain damage but also with non-major ones like desatura-
tion, airway trauma, and prolonged hospitalization13], DL
was described as the major determinant of DI, even though
several different factors might pose additional difficulty
for the advancement of the tracheal tubel39), Selvi et al.l®!
denoted that sensitivity and specificity of CL scoring was
over 95% for predicting DI. Considering the fact that airway
challenges regarding the integrity and function of trachea
and vocal cords cannot be anticipated with non-invasive
tests in the absence of a DI or previous manipulation his-
tory, various studies including ours preferred DL as an end-
point instead of DIl14.10.14,15],

The incidence of DL was reported in a range between 1
and 20%[49], Shiga et al.[Z] detected a rate of 5.8% in their
meta-analysis. In a systematic review published by Fara-
marzi et al.,['®! a DL rate up to 27% was pronounced. Dif-
ferent anthropometric features between ethnic groups,
variations in laryngeal view grading, use of external ma-
nipulation and stylets, and other procedure-related fea-
tures might be responsible for this ambiguity®®l. In our
study, the DL rate was also relatively higher, but it should
be denoted that external manipulation was not used
while assessing CL grade.

An association of increased rate of DVL with age and male
sex was determined in various investigations!'7-191, Ozdilek
et al.l2% also claimed that risk factors for difficult mask ven-
tilation and DVL were not the same among genders. There
are conflicting results regarding the DVL-obesity relation-
ship in the literature. Morbid obesity was detected to be
associated with difficult mask ventilation rather than DVL
in a large retrospective analysis2'l. Saasooh et al.22] de-
noted that further risk increase with a rise in BMI was not
observed over the threshold of obesity (30 kg/m?2). On
the other hand, Ozdilek et al.[2% found no relationship be-
tween DVL and BMl irrespective of the gender. There was
no evident correlation between demographic features and
DL in our study.

Regarding the multifactorial nature of DL, none of the pre-
operative tests was solely reported to have conformably

high sensitivity and specificity rates!23:1"], Moreover, cutoff
values and diagnostic accuracy of these tests vary with re-
spect to several confounding factors like BMI, gender, and
ethnicity(1416:20.23] Hence, iterative validation of these
tests and their combinations in different patient groups is
essential to confirm their predictivity.

SMD, an indicator of head and neck mobility, has been de-
clared as the most reliable single method for ruling out
DI among various testsl?]. Savva presented the highest
sensitivity and specificity rates for SMD, 82.4% and 88.6%,
respectively. They detected a cutoff value of 12.5 cm to
be the optimal predictor of DLI24. Whereas, in Grecian
patients the cutoff value for SMD was determined as 15
cm for predicting DL[2>, Shiga et al.[2! verified the predic-
tive performance of SMD in their meta-analysis but with
moderate sensitivity and specificity rates. Al Rhamadani
et al.l26] also reported a sensitivity of 66.7%, a specificity
of 71.1%, and a negative predictive value of 98.4% for
SMD in parturients. When the cutoff value was designated
as 13.5 cm, particularly the sensitivity remained consid-
erably low in previous studies investigating the Turkish
population!’320] The only contradicting report was pub-
lished by Yildirim et al.!"l by whom the precision rates
were stated to be above 80% for SMD. The authors also
declared similar rates for IID (<4.5 cm) and TMD (<6.5 cm)
in this study. In our analysis, 15.5 cm was established as
the cutoff point to represent an increased risk for DL, with
moderate sensitivity (67.6%), specificity (55%), and accu-
racy (58.4%) rates.

A multicenter study that recruited 1676 Turkish partici-
pants revealed that only MMT score of 3 or 4 and mouth
opening <40 mm had fair sensitivity rates among the en-
tire list of tests also including TMD, SMD, and mandibular
protrusion. The lID has been demonstrated to be consider-
ably sensitive while predicting difficult airway in the gen-
eral population as a single measurel’>], However, Savva
did not mention a relationship between IID and DL24l. In
our investigation, 1ID was designated as an independent
predictor DL, thus incorporated into the diagnostic model.
When the cutoff value was accepted as 4 cm, IID yielded
moderate diagnostic precision as a single test with rea-
sonable sensitivity and specificity rates (64.9% and 66%,
respectively).

MMT is one of the most widely used tests for anticipating
DL in anesthesia practice. However, MMT did not reach ac-
ceptable sensitivity rates in most of the studies. Shiga et
al.l2! also emphasized the heterogeneity of the precision
ability of this test. Hence, it was rather combined with other
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tests or involved in the regression models31127] |n the
meta-analysis presented by Shiga et al.ll a combination of
MMT with TMD vyielded the highest discriminative power,
although the sensitivity remained low. Frerk also suggested
this combination but with higher sensitivity and specificity
rates(28l. Conceptually, adding MMT to other tests reduced
sensitivity while increasing the specificityl!21%], Our find-
ings supported this instance.

ULBT was first proposed by Khan et al.18! for predicting DL.
It has garnered interest with relatively higher accuracy and
specificity rates, particularly as compared to MMT. On the
other hand, it also showed relatively lower sensitivity with
aremarkable variation between different investigations! 16,
It should also be denoted that the ethnicity factor might
distinctly alter the sensitivity of this test/®14], The combi-
nation of ULBT with TMD or MMD also yielded increased
precision rates in different subgroups!>11:.1416l_Although
ULBT was not determined as an independent predictor of
DL in our study, it revealed a fairly good predictivity with
a specificity rate of 85% and an accuracy of 70.8% despite
the low sensitivity (32.4%).

NC was determined as a valuable indicator of DL particu-
larly for obese patients and in the thyroid surgery[12:21.23],
According to Ozdilek et al., NC was not a significant pre-
dictor neither for DVL nor for difficult mask ventilationl7],
Likewise, NC was found to be indifferent between patients
with and without DVL in our study. It should be empha-
sized that the mean BMI of our population was below 30
kg/mZ.

The TMD reflects the accommodation capacity of mandibu-
lar space for the displacement of the tongue with the help
of a standard laryngoscopel®>4l. Although measurement of
<6.5 cm showed a good agreement with DVL, widely varied
sensitivity rates through different studies have also been
a matter of concern for TMD[2>6], Moreover, the addition
of MMT also resulted in inconsistent changes in predic-
tivity[26:29], The ratio between NC and TMD was also sug-
gested as a better predictor of DVL in a study investigating
the obese population3%. In our study, TMD was not a dis-
tinguishing factor between groups either.

Various risk models were suggested for increasing the pre-
dictivity of bedside tests. However, due to the complex
nature of these models, the assessment process is time-
consuming and prone to considerable variability in mea-
surements. [ID, MMT, and TMD are predominantly involved
tests in these models!31127] The sensitivity and specificity
of the Naguib model and El-Ganzouri risk index were re-
ported at rates of roughly 80%['"27] In our diagnostic

model, the presence of two out of three factors was claimed
to predict DL. These factors were listed as 1ID<4 cm, MMT
score of 3 or 4, and presence of retrognathia. This model
showed an acceptable agreement with DVL (AUC:0.63),
and reasonable specificity and accuracy rates.

This investigation has some limitations. First, it should
be emphasized that DI is a multifactorial clinical entity of
which DL is a reliable but not the only indicator. In addi-
tion, the sample population was relatively small since the
study was single-centered. On the other hand, this instance
helped avoiding the interobserver variations which might
have caused remarkable bias during data collection.

Although mean MMT score, frequency of retrognathia, and
Grade 3 cases in ULBT were higher and IID was shorter in
patients with DL, MMT, IID, and presence of retrognathia
were the ultimate factors established as independent pre-
dictors of DL in our sample population comprising Turkish
participants. We created a regression model based on these
findings which anticipated DL with reasonable negative pre-
dictive value, and specificity and accuracy rates. Regarding
variation of the predictive performance of above-mentioned
bedside tests among different ethnicities, our regression
model might help anticipating DL in our Turkish patients.
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