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Abstract

Objective. The aim of the present preliminary study was to assess whether the sternomental distance ratio (SMDR) could be
suitable as a predictor of difficult laryngoscopy, in both normal surgical patients and patients scheduled to undergo thyroid
tumor surgery. Methods. Two hundred and twenty-one consecutive adult patients (among them 122 patients with presumed
normal airways and 33 patients with thyroid tumors), scheduled to undergo elective surgery under general anesthesia, were
included in this study. Physical and airway characteristics, SMDR, difficult laryngoscopy (using Cormack-Lehane scale) and
any kind of assisted intubation were assessed. Results. Decreased SMDR demonstrated a strong correlation with difficult laryn-
goscopy in both thyroid tumor (Kendall’s tau-b -0.578 (P=0.004) and normal patients -0.362 (P<0.001). Difficult laryngoscopy
was 0 at SMDR>1.9 and 33% at SMDR <1.55 (P<0.001). The higher the SMDR was, the better the glottic view obtained. Conclu-
sions. A SMDR>1.9 indicates an easy laryngoscopy, whereas SMDR <1.55 indicates a difficult one in both thyroid tumor and
normal patients. SMDR is an objective test to assess difficult airway in thyroid surgery.
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Introduction (5). Combined tests have been reported to be more
accurate in predicting difficult laryngoscopy (8-
10). However, cervical spine mobility is not easy to
quantify objectively (8, 12). The ratio of the sterno-
mental distance in neutral and full extension head

Patients undergoing thyroid tumor surgery are
at risk of difficult intubation and consequent in-
creased morbidity and mortality (1-5). The rate of
difficult laryngoscopy in thyroid surgery patients
may range from 6% up to 9% (6, 7) and head,
neck, ear, nose and throat surgeries may account
for more than 20% of malpractice claims related to
difficult tracheal intubation (5).

positions combines the aforementioned predictors
accurately and objectively.

Inadequate airway assessment can be a signifi-
cant contributor to patient harm (5), especially in

Several predictive tools for difficult laryngosco- @ Setting, such as thyroid surgery that may lead to
py have been proposed, but with limited accuracy ~ 0 increased incidence of difficult intubation (6).
(8-10). Sternomental distance and neck extension ~NO single predictive test that identifies difficult
are two of these predictive tests (11, 12). Further- ~ laryngoscopy and correlates well with both “nor-
more, short neck and limited cervical spine ex- mal” subjects and thyroid surgery patients has yet
tension are among the common (10% and 16%  been found.
respectively) predictors of difficult tracheal intu- The aim of the present preliminary study was
bation recognized in a large closed claims analysis  to assess whether the sternomental distance ratio
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(SMDR) could be a suitable predictor of difficult
laryngoscopy in both normal patients and patients
scheduled to undergo thyroid tumor surgery.

Methods

This masked, preliminary study included 221
consecutive adult patients from 29/05/2013 to
02/11/2013, scheduled to undergo elective surgery
under general anesthesia, and was performed in a
secondary general hospital, the Thriasion General
Hospital of Elefsina, Greece. Individual written
informed consent was obtained, as well as institu-
tional Ethics Committee approval (Nr 01/17-01-
2013). Pregnant patients, minors, emergency cas-
es, American Society of Anesthesiologists (ASA)
status IV patients, and patients with a history of
failed or difficult tracheal intubation were exclud-
ed from the study. Preoperative patient assessment
was performed by a senior anesthesiologist blind-
ed to the study interventions.

The following variables were recorded on a
separate sheet for the study purposes: age, gender,
body mass index (BMI), Mallampati classification
(Mall), upper lip bite test (ULBT), thyromental
distance (TMD), and type of surgery. Further-
more, the sternomental distance (the distance
from the mentum to the sternal notch) was mea-
sured in two different positions: with the neck in
full extension as classically described (10),and in a
neutral position. The ratio was recorded of the full
neck extension sternomental distance to the neu-
tral position sternomental distance. This variable
was named the SMDR (Figures 1 and 2).

All patients fasted preoperatively, as per the Eu-
ropean Society of Anaesthesiology (ESA) guide-
lines (13). Standard monitoring, including ECG,
SpO, and NIBP, was applied to all patients, and
an 18G intravenous cannula was inserted. Muscle
relaxation was assessed with train-of-four (TOF)
monitoring using a peripheral nerve stimula-
tor (Innervator 252, Fisher & Paykel Electronics
Ltd, Auckland, New Zealand) placed in the ulnar
nerve. Premedication with intravenous midazol-
am 1-2 mg was administered to all patients. Pre-
oxygenation was performed with 100% O, via face

Figure 2. Sternomental Distance in Full Neck Extension.

mask; anesthesia was induced with propofol (2-3
mg.kg') and fentanyl (1-2 pg.kg"). Rocuronium
0.6 mg.kg' was administered for tracheal intuba-
tion. After adequate muscle relaxation had been
achieved, as assessed by a TOF value of 0 in the
nerve stimulator, laryngoscopy was attempted by
a second senior anesthesiologist, blinded to the
airway assessment and the study protocol. The
Cormack/Lehane (C/L) scoring system was used
to assess the glottic views obtained during laryn-
goscopy (14). Any aiding technique, such as exter-
nal laryngeal pressure, backwards-upwards-right-
wards manoeuver, gum elastic bougie, change of
anesthetist, 3" attempt with a video-laryngoscope,
was recorded as “assisted intubation” for the study
purposes.




Statistical Analysis

Continuous variables are presented as mean val-
ues + standard deviation, whereas categorical vari-
ables are presented as absolute and relative (%) fre-
quencies. The association between normally dis-
tributed continuous variables and binary variables
categories was evaluated through Student’s t-test
for independent samples. In the case of categorical
variables with >2 categories, one-way analysis of
variance (ANOVA), was applied after checking for
homoscedacity. Due to the multiple comparisons,
the Bonferroni rule was applied to correct for the
inflation of type-I error. Whether these variables
were normally distributed was tested through the
P-P plot and equality of variances through Lev-
enes test. Associations between categorical vari-
ables and sample categories were tested by the
use of the chi-squared test. Non-parametric tests
(i.e. Spearmans p and Kendals tau-b) were ap-
plied to estimate the correlations between SMDR
with glottic view. Given the fact that there are no
data in the international literature for this predic-
tive factor, the values obtained were divided into 4
quadrants for initial evaluation (<1.55, 1.55-1.72,
1.73-1.90, >1.90) and correlation with somatomet-
rics, indicators of difficult laryngoscopy and glot-
tic views obtained. The receiver operating charac-
teristic (ROC) curve identified the best sensitiv-
ity and specificity cut-off point as a SMDR value
of 1.7 (Fig. 3). By using the ratio 1.7 as a cut-off
point, a binary covariate of SMDR (<1.7 vs. 21.7)
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Figure 3. Receiver Operating Characteristic Curve for Ster-
nomental Distance Ratio (SMDR).
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was created. The statistical calculations were per-
formed on the SPSS version 21 (IBM Hellas, Ath-
ens, Greece).

Results

The study included 221 patients who were all intu-
bated after a maximum 3 attempts and no adverse
events. Of the 221 patients, 122 were considered as
normal, i.e. not having any visible facial, head and
neck deformity during preoperative assessment,
and served as a control group for the SMDR test.
Of the remaining 99 patients, the second study
group comprised 33 patients with thyroid tumors
(10 previously operated, and 23 to be operated).
The remaining 66 patients were excluded from the
present analysis, as they presented characteristics
that could influence laryngoscopy (protruding
teeth, prognathism and poor dentition).

The characteristics of the study population are
presented in Table 1. In the three groups assessed
(normal population, previous thyroid tumor sur-
gery and scheduled thyroid tumor surgery), no
significant differences were observed in the pa-
tients’ somatometrics, difficult laryngoscopy indi-
cators, laryngoscopy views, or assisted intubation
rates. Furthermore, no significant differences were
observed in the SMDR values between normal pa-
tients and thyroid surgery patients.

The SMDR values obtained from the patients
were divided into four groups, as mentioned in
the Methods section (Table 2). It appeared that the
higher the SMDR was, the better the glottic view
obtained (lower C/L class). A SMDR above 1.9 led
to zero assisted intubations and 89% good or ex-
cellent glottic views, whereas when it fell to 1.55,
the good or excellent glottic views fell to 65% and
the rates of assisted intubation accounted for one
in three cases (33%).

When applying a cut-off point of 1.7 for the
SMDR, as assessed by ROC analysis, poor or bad
glottic views accounted for 13.3% for SMDR>1.7,
compared to 48.1% for SMDR<1.7. As depicted in
Table 3, according to the Kendall rank correlation
coeflicient, the binary variable SMDR (<1.7 and
>1.7) was significantly negatively correlated with
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Table 1. Patients' Characteristics

Total Normal subjects  Previous thyroid tumor surgery  Thyroid tumor surgery ANOVA
Characteristics
(n=221) (n=122) (n=10) (n=23) P-value

Age, years mean (SD) 54 (17) 45(13) 42 (15) 51(12) 0.086
Men number (%) 84 (38) 41 (33.6) 4 (40); P=0.68 vs normal 9 (39.1); P=0.61 vs normal _
BMI (kg/m2) 27.1(5.1) 26.9 (5.5) 23.8 (4.7) 29.6 (5.1) 0.159
TMD (cm) 8.5(1.3) 8.8 (1.3) 8.4(1.1) 84(1.2) 0.281
SMDR 1.74 (0.28) 1.73 (0.26) 1.78 (0.31) 1.76 (0.22) 0.76
Upper lip bite test

| 60% 56% 40%; P=0.33 vs normal 52%; P=0.52 vs normal _

1] 38% 41% 60%; P=0.24 vs normal 48%; P=0.53 vs normal _

11} 2% 3% 0%; P=0.58 vs normal 0%; P=0.40 vs normal _
Mallampati score

| 45% 46% 40%; P=0.71 vs normal 26%; P=0.076 vs normal _

1] 39% 41% 50%; P=0.58 vs normal 43%; P=0.86 vs normal _

11} 13% 12% 0%; P=0.25 vs normal 22%; P=0.20 vs normal _

1\ 3% 1% 10%; P=0.034 vs normal 9%; P=0.018 vs normal _
Glottic view

| 50% 43% 60%; P=0.30 vs normal 48%; P=0.65 vs normal _

1] 21% 25% 10%; P=0.28 vs normal 18%; P=0.47 vs normal _

11} 27% 30% 30%; P=1.0 vs normal 30%; P=1.0 vs normal _

v 2% 2% 0%; P=0.65 vs normal 4%; P=0.56 vs normal _
Assisted intubation 16% 18% 20%; P=0.88 vs normal 17%; P=0.91 vs normal _

SD=Standard Deviation; BMI=Body mass index; TMD=Thyromental distance; SMDR=Sternomental distance ratio.
Table 2. Patients' Characteristics according to Different SMDR Value Ranges
Patients’ characteristics
SMDR >1.90 1.90-1.73 1.72-1.55 <1.55
P-value

Number (N=53) (N=56) (N=57) (N=55)
Mean % 38 27 40 47 0.16
BMI kg/m? mean (SD) 27.6 (4.8) 26.7 (5.3) 26.6 (5.1) 27.6 (5.3) 0.65
TMD cm, mean (SD) 8.4(1.2) 8.4(1.3) 8.8(1.3) 8.5 (1.5) 0.38
Upper Lip Bite Test
| 68(%) 68(%) 56(%) 49(%) 0.27
Il 30(%) 32(%) 40(%) 49(%) 0.27
11l 2(%) 0(%) 4(%) 2(%) 0.27
ASA Status
ASA | 43(%) 48(%) 55(%) 49(%) 0.42
ASAIl 49(%) 45(%) 33(%) 35(%) 0.42
ASA Il 8(%) 7(%) 12(%) 16(%) 0.42
Mallampati Score
| 55(%) 50(%) 44(%) 33(%) 0.33
Il 32(%) 38(%) 35(%) 49(%) 0.33
1] 9(%) 12(%) 14(%) 15(%) 0.33
\% 4(%) 0 7(%) 3(%) 0.33
Cormack/Lehane Glottic View
| 66(%) 59(%) 47 (%) 29(%) <0.001
] 23(%) 27(%) 16(%) 18(%) <0.001
11l 11(%) 14(%) 35(%) 47(%) <0.001
IV 0 0 2(%) 6(%) <0.001
Assisted intubation 0 7(%) 25(%) 33(%) <0.001
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Table 3. Rank Correlation between SMDR with the Cormack/Lehane Scores, in the Total Sample and in Study Subgroups

Kendall’s tau-b Total population

Normal subjects

Previous thyroid surgery  Thyroid tumor surgery

(P-value) (N=221) (N=122) (N=10) (N=23)
Sternomental distance ratio

Cormack/Lehane -0.356 -0.362 -0.420 -0.578

(Glottic view) (P<0.001) (P<0.001) (P=0.19) (P=0.004)

the Cormack/Lehane scores (glottic views). In
other terms, the higher the SMDR, the lower the
C/L score, hence the better the glottic view.

Furthermore, this also seemed to apply for the
patients scheduled to undergo thyroid tumor sur-
gery. This correlation also existed for the patients
who had already undergone thyroid surgery, al-
though it was not significant, probably due to the
small sample.

Discussion

Numerous preoperative tests are continuously be-
ing proposed and assessed in order to predict dif-
ficult laryngoscopy, particularly in especially chal-
lenging settings, such as thyroid surgery (15). Ster-
nomental distance has been proposed as a good
predictor for difficult laryngoscopy, but various
cut-oft points have been proposed without being
sufficiently accurate (16). The same applies for cer-
vical spine movement (8-10, 12). The incidence of
difficult airways in thyroid surgery varies widely
(from 5.3% to 13.6%), depending on the report
(17-21).

In the present study, in thyroid surgery patients
there were extremely poor glottic views in 4%, and
the rate of assisted intubation was 11%. However,
these results are not comparable for several rea-
sons. First of all, none of the samples in the afore-
mentioned studies was homogenous. The patients
included in these studies varied from simple thy-
roid nodule cases to extremely large goiters.

SMDR has the advantage of combining neck
height, neck mobility and mandibular space, in an
accurate and objective way. In the present sample
no differences were identified in the rates of dif-
ficult laryngoscopy or assisted intubation between
patients undergoing thyroid surgery and other pa-
tients. However, this was not the aim of the study,

but to assess whether the SMDR would correlate
with difficult laryngoscopy in both thyroid tumor
surgery and normal airway patients. In the present
study, a SMDR value below 1.55 led to 53% of poor
laryngoscopic views, whereas a SMDR value above
1.9 almost certainly led to an easy laryngoscopy in
all types of patients, including thyroid tumor sur-
gery patients.

An important limitation of the present study
(as in all preliminary studies) is its small sample,
and the fact that no sample size calculation was
performed. Furthermore, regarding the method-
ology of the study, in order to better evaluate the
prognostic performance of SMDR, a simultaneous
comparison with a combination of several pre-
dictive tests could perhaps also have been under-
taken. Of course, this additional set of variables
would require an even larger sample, but would
have provided more conclusive results.

Conclusions

SMDR is a quick and objective test to assess a pa-
tient’s airway. In this preliminary study, SMDR
appeared to correlate significantly with difficult la-
ryngoscopy in both normal and in thyroid tumor
patients. However, larger studies are necessary in
order to provide further data.

What Is Already Known on this Topic:

Patients undergoing thyroid tumor surgery are at risk of difficult in-
tubation and consequent increased morbidity and mortality. Several
predictive tools for difficult laryngoscopy have been proposed, but with
limited accuracy. A recent study reported that sternomental distance
difference in neutral head position and in full neck extension could be a
good predictor of difficult laryngoscopy.

What this Study Adds:

A cut-off point based on a distance difference is very difficult to define,
whereas a cut-off point based on an analogy may be easier to assess. In
the present study, a sternomental distance ratio (SMDR) >1.9 indicated
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an easy laryngoscopy whereas a SMDR <1.55 indicated a difficult one
in both thyroid tumor and normal patients. SMDR is an objective test to
assess difficult airway in thyroid surgery. This is the first study assessing
this novel predictor of difficult laryngoscopy in thyroid surgery patients.
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