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Unexpected difficult airway management can cause significant morbidity and mortality
in patients admitted for elective procedures. Ultrasonography is a promising tool for
perioperative airway assessment, nevertheless it is still unclear which sonographic
parameters are useful predictors of difficult laryngoscopy and tracheal intubation. To
determine the ultrasonographic predictors of a difficult airway that could be applied
for routine practice, a systematic review and meta-analysis was conducted. Literature
search was performed on PubMED, Web of Science and Embase using the selected
keywords. Human primary studies, published in English with the use of ultrasonography
to prediction of difficult laryngoscopy or tracheal intubation were included. A total of
19 articles (4,570 patients) were analyzed for the systematic review and 12 articles
(1,141 patients) for the meta-analysis. Standardized mean differences between easy and
difficult laryngoscopy groups were calculated and the parameter effect size quantified.
A PRISMA methodology was used and the critical appraisal tool from Joanna Briggs
Institute was applied. Twenty-six sonographic parameters were studied. The overall
effect of the distance from skin to hyoid bone (p = 0.02); skin to epiglottis (p = 0.02);
skin to the anterior commissure of vocal cords (p = 0.02), pre-epiglottis space to
distance between epiglottis and midpoint between vocal cords (p = 0.01), hyomental
distance in neutral (o < 0.0001), and extended (p = 0.0002) positions and ratio of
hyomental distance in neutral to extended (p = 0.001) was significant. This study
shows that hyomental distance in the neutral position is the most reliable parameter
for pre-operative airway ultrasound assessment. The main limitations of the study
are the small sample size, heterogeneity of studies, and absence of a standardized
ultrasonographic evaluation method [Registered at International prospective register of
systematic reviews (PROSPERO): number 167931].

Keywords: airway ultrasound assessment, prediction of difficult intubation, prediction of difficult laryngoscopy,
ultrasound predictors of difficult intubation, ultrasound predictors of difficult laryngoscopy
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INTRODUCTION

Rationale

Airway management is a core component of anesthesia
care (1). In any procedure that requires general anesthesia,
anesthesiologists need to control the patient’s airway in order to
maintain adequate ventilation and oxygenation. This can be a
high-risk task and lead to patient morbidity and mortality, due to
inadequate/impossible ventilation, and/or intubation. Therefore,
it is essential to optimize methods to anticipate a difficult airway
and ensure the necessary means to intervene (1).

According to the Practice Guidelines for Management of the
Difficult Airway by the American Society of Anesthesiologists
(ASA), a difficult airway is present when “a conventionally
trained anesthesiologist experiences difficulty with facemask
ventilation of the upper airway (...) tracheal intubation or both,”
alaryngoscopy is difficult when “it is not possible to visualize any
portion of the vocal cords after multiple attempts at conventional
laryngoscopy” and an intubation is difficult when it “requires
multiple attempts” (2). The etiology of a difficult airway is
multifactorial and should prompt a detailed clinical history and
physical examination (2-7).

However, most clinical predictors have low sensitivity and
moderate specificity. Difficult/failed intubation has a low
prevalence in the general population, and hence the positive
predicted values (PPV) are also low (8). Even though there
are several multivariate scoring systems which increase PPV in
comparison to single tests, prediction scores still remain poor and
many failures are still unanticipated as all airway management
techniques can fail (4, 9).

Ultrasonography (US) is a promising tool for airway
assessment, as it is safe, quick, repeatable, portable, widely
available, and gives real-time dynamic images (10, 11). Many
studies have recently been published in this field, but it is still
unclear which sonographic parameters and respective cutoff
values are clinically useful predictors of difficult laryngoscopy
and intubation (11, 12).

Objectives

This systematic review and meta-analysis was undertaken to
identify and synthesize evidence from the existing literature
(i) to determine the ultrasonographic predictors of difficult
laryngoscopy and difficult tracheal intubation in anesthetized
adult patients undergoing elective surgery, and to (ii) summarize
the current knowledge and applicability of the sonographic
measurements already trialed, in the hopes of contributing
to establishing an ultrasonography standardized protocol for
preoperative airway assessment.

METHODS

Registration

The present review and meta-analysis was elaborated according
to the transparent reporting of systematic reviews and meta-
analyses, PRISMA (13, 14) and the study was registered

at International prospective register of systematic reviews
(PROSPERO): number 167931.

Eligibility Criteria

The articles were considered when they fulfilled the following
inclusion criteria: (1) Use of ultrasonography; (2) Prediction
of difficult laryngoscopy or tracheal intubation; (3) Humans;
(4) Primary studies; (5) English language. No time period was
established, so all articles were included until search dates
(12/04/2019 and 12/06/2019).

The exclusion criteria were: (1) Obstetric specialty; (2)
Pediatric population; (3) Emergency context; (4) Laryngeal mask
ventilation; (5) Gray literature. Reviews, editorials, conference
abstracts and case reports were also excluded.

Information Sources and Search Methods
The primary search was conducted using the following
databases: PubMed, Web of Science and Embase. Keywords
and Boolean operators used were: (ultrasound OR ultrasonic
OR ultrasonography OR ultrasonographical OR sonography OR
ultrasonographic) AND (predict OR predictor OR predictors
OR prediction) AND (intubation OR laryngoscopy OR “airway
management”) AND difficult. The search results were organized
using a Microsoft Excel datasheet with records of the exclusion
rationale and duplicated citations.

Study Selection

Three independent reviewers (AMS, AMN, MVP) screened
studies on the basis of title and abstract to identify duplicates. The
next step for screening was done by the same reviewers analyzing
by title and abstract for eligibility and dissimilarities were solved
by consensus after a review of full text publication by SHG. A full
text analysis of the remain articles, for detailed information, was
done by (AMS, AMN, MVP, SHG) and lead to article exclusion.
The percent concordance value was calculated. In order to reduce
the risk of publication bias, a reference list search of included
studies and previous systematic review on the same topic was
done (Figure 1).

Data Collection Process

AMS, AMN, MVP extracted the data from each study and
collected in a word file locally developed (similar to Cochrane
Consumers and Communication review Group’s data extraction
template). SHG reviewed each data and supervised the process.
Disagreements were resolved by discussion between authors.
We contacted two authors for further information. One author
responded and provided relevant information. No double
counting was found. This study includes only two articles from
the same author, but a different ultrasound parameter was studied
in each article.

Data Items

From each study, information was extensively extracted and
included: (1) study design and methods (objective, study design,
anesthesiologist blinding process, standard characteristics—age,
sex, BMI, clinical evaluation, US measurements, position for US
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FIGURE 1 | PRISMA methodology flowchart for article selection.

measurements and laryngoscopy technique); (2) sample selection
(number of participants, BMI, demographic characteristics,
inclusion criteria, and setting—Hospital and/or country); (3)
Exclusion criteria; (4) Variables and data type (dependent
and independent); (5) Statistical analysis (data normality test,
numerical, ordinal, nominal, correlation, regression, ROC curve,
..); (6) US results; (7) Conclusions and (8) Limitations. The
data was extracted and organized in Supplementary Table 1
and the relevant cutoff values, means and standard deviations

from the predictors were gathered in Supplementary Table 2. To
standardize the presentation of results, all distance measurements
were converted into centimeters.

Risk of Bias in Individual Studies

The quality assessment of each study was done using the
“ChecKklist for Analytical Cross Sectional Studies” tool, by The
Joanna Briggs Institute (JBI), by four independent reviewers
(AMS, AMN, MVP, SHG) (15) (Appendix 1).
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Summary Measures and Planned Methods

of Analysis
The analysis of the obtained data is presented in forest plots
developed using Review Manager 5.3 software (16).

Considering the heterogeneity of the studies, random
effect modeling was chosen, and the effect size measured by
Standardized Mean Difference to allow comparison of the results.
Authors tested heterogeneity using the method proposed by
Higgins at al. (17) to measure inconsistency (I?). An value of
I? superior to 50% was considered significant which indicated a
lower reliability of results.

In order to enable comparison with the other results, a study
that presented results as mean and confidence interval, the
standard deviation was calculated using the following formula:
(SQRT(n)x(Upper CI- Lower CI)/t,q4r x2) being the mean
and n values relative to the difficult group of each specific
parameter (18).

To allow the comparison with other studies, the 4 categories
of Cormack-Lehane classification, was dichotomized as easy and
difficult by calculating the weighted average of the mean and
standard deviation for each group (grades 1 and 2 vs. grades 3
and 4) (19-21).

Ethics

Ethical approval for this study was not required because no
animals or patients were involved.

RESULTS
Study Selection

The flowchart in Figurel describes the search method
implemented, following PRISMA statement. Primary search
on PubMed and Web of Science occurred at 12/04/2019 and
Embase at 12/06/2019. PubMed’s search was sorted by the
“most recent” results and filtered by humans, English and adults
(>18 years), obtaining 39 articles. Web of Science’s search was
sorted by “topic” and filtered by articles and English, excluding
the following filters: obstetrics and gynecology, and pediatrics,
obtaining 39 articles. The following filters were used in Embase’s
search: young adult, adult, middle aged, aged, very elderly and
articles, and the results were sorted by “all fields,” obtaining
27 articles.

One hundred and five articles were identified through
database search. Thirty two duplicates were identified. Seventy
three studies were analyzed by title and abstract by reviewers
for eligibility and dissimilarities were solved by consensus
after a review of full text publication by SHG. Due to the
particular inclusion/exclusion criteria of this study, this step of
screening was possible to do only with title and abstracts analysis,
without significant bias, and 53 articles were excluded (see
reasons in Figure 1). After a full text analysis of 20 articles, for
detailed information, two papers were excluded, with a percent
concordance value of 1. In order to reduce the risk of publication
bias, we search reference list in included studies and previous
systematic review on the same topic and one more article was
included. Therefore, 19 articles were included in the systematic
review and 12 in the meta-analysis (Figure 1).

Studies Characteristics

This review included 4,570 adult patients undergoing elective
surgery with general anesthesia and tracheal intubation.
A summary of the main characteristics, conclusions,
and limitations of each article included in the present
systematic review and meta-analysis is presented in
Supplementary Table 1.

All studies analyzed were cross-sectional observational
studies. Most of them were prospective (94.7%), except
Wojtczaks (12) study where previous anesthesia records were
reviewed (5.3%). Blinding was assured in 73.6% of studies,
not mentioned in 21.1% (12, 21-23) and “not guaranteed” in
5.3% (24).

The most common exclusion criteria reported were limited
neck mobility secondary to cervical spine fractures or tumors
(18-22, 24-30), limited neck extention (21, 22, 29, 31, 32),
including arthritis (24). Patients with maxillofacial fractures or
deformities (18, 21, 22, 24, 27-29, 31, 32) or upper airway
abnormalities (19, 25, 26, 28, 30, 33-35), including epiglottic
surgery (24), limited interincisal distance (20, 22, 29, 31, 32),
subglottic stenosis (35), or thyroid disease (27, 30) were also
eliminated from the reported samples.

Although upper teeth removal or absence (20-22, 24, 26) can
improve the interincisal distance and facilitate the introduction
of the laryngoscope and the direct laryngoscopy view, only (20—
22,24, 26) excluded these patients from their studies.

Previous history of difficult intubation (25, 26, 28, 32, 33, 35)
and pregnancy (19, 25-27, 30, 32) were disqualifiers in 32% of
the studies.

Patients with full stomach (21, 22), diaphragmatic hiatus
hernia (21, 22), gastroesophageal reflux disease (GERD) (25,
26), and planned rapid sequence intubation (19, 23, 32) were
excluded in some studies. Only Wojtczak (12) didn’t mention
exclusion criteria.

Ninety percent of studies reported standard characteristics of
age, sex, body mass index; with Reddy et al. (19) only considering
the body mass index and no mention of this parameter in Gupta
et al. (21) study. Two studies recorded the race of the patients
(15, 34).

A population of obese patients were specifically studied in
21.1% of the articles (12, 23, 25, 26). Pinto et al. (27), Mohammadi
Soltani (22), Parameswaris et al. (31), and Rana et al. (20)
excluded this population from their studies, however in Reddy’s
study (19) a population with a heterogenous weight was included.

Difficult airway, clinically relevant history and objective signs
from the physical examination were collected by the majority,
except for Falcetta et al. (32) who did not mention which clinical
screening evaluation was used.

A history of Obstructive Sleep Apnea Syndrome (OSAS) was
collected in 21.1% of the studies (18, 25, 26, 30); teeth patology
(18, 25, 26, 30, 34) and neck mobility problems (18, 25, 26, 30, 34)
in 26%, and neck circumference (12, 18, 25-27, 31) in 32% of
the studies.

The mobility of the temporomandibular joint was directly
evaluated in only 10.5% of studies (18, 26), though many other
authors evaluated parameters related to that joints kinesis, for
example interincisal distance (IID) (18, 20, 24-28, 30, 31, 33-35),
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upper lip bite test (ULBT) (23, 28, 30, 33), mandibular protusion
(28), and condyle-tragus distance (28).

The evaluation of the clinical predictors was done by the same
practitioner in a minority of the studies (19, 25, 26), with only
(28, 33, 35) stating that the evaluation was done by clinicians with
competency for the task.

In 53% of the studies (19, 20, 23, 24, 28, 30, 32—
35), laryngoscopy was reportedly performed by experienced
anesthetists with more than 2 years of training, although most of
the authors (53%) omitted mentioning the number of anesthetists
who performed the technique (12, 19, 20, 22, 23, 27, 29, 31, 32,
35).

In all studies a direct laryngoscopy was used and the Cormack-
Lehane (CL) grade was defined as the outcome variable (CL
1&2 = easy vs. CL 3&4 = difficult). In order to facilitate
the laryngoscopy view, a backward, upward, and rightward
pressure (BURP) was applied on the thyroid cartilage during all
laryngoscopies in Ezri et al. (25) study. In Komatsu et al. (26),
Yao and Wang (35), and Falcetta et al. (32) studies this maneuver
was also allowed, however Prestrisor et al. (23) excluded patients
when an external laryngeal manipulation was necessary.

Ultrasound measurements were done by the same
sonographer in 58% of the studies (18, 21, 24, 24-28, 30, 31, 34),
and in 42% the experience of the ultrasound practitioner was not
declared (12, 19, 20, 22-24, 27, 30).

Another essential aspect of the studies is the positioning of
the patient in which US parameters were evaluated. All US
measurements were conducted in supine position, except in Hui
and Tsui (34) and Yao et al. (28) studies (sitting position) (10.5%)
and Ezri et al. (25) did not specify this feature (5.3%).

The majority of the measurements of the skin to structure
distance were undertaken in the central axis of the neck, but Erzi
et al. (25), Komatsu et al. (26), Adhikari et al. (18), Pinto et al.
(27), and Falcetta et al. (32) presented averaged values from the
measurements taken in the central midline and 1.0 or 1.5cm to
each side.

Risk of Bias Within Studies

Quality assessment of the studies included in the systematic
review and the meta-analysis was done using the “Checklist for
Analytical Cross Sectional Studies” tool, by The Joanna Briggs
Institute (JBI), by four independent reviewers (15) (Appendix 1).

All studies have clearly defined the criteria for sample selection
except for Wojtczak (12) that does not mention exclusion criteria.
Ezri et al. (25), Komatsu et al. (26), Gupta et al. (21), Parameswari
etal. (31), Wojtczak (12), Rana et al. (20), and Petrisor et al. (23)
did not describe in detail the demographics, location, or time
period of their studies; whereas, Wu et al. (24), Pinto et al. (27),
Andruszkiewicz et al. (33), Reddy et al. (19), Yao et al. (28), and
Chan et al. (29) left some of these parameters unclear.

The description of the study subjects, setting, and time was
presented in detail in Adhikari et al. (18), Andruszkiewicz et al.
(33), Yao et al. (28), Yao and Wang (35), Falcetta et al. (32),
Mohammadi Soltani et al. (22), and Alessandri et al. (30).

In relation to the validity of the studies performing US
evaluations, almost every study described in detail the technique
implemented to obtain the measurements, with the exception

of three (25, 26, 34). Furthermore, Yao et al. (28) and Yao and
Wang (35) studies assessed inter-rater reliability by comparing
the measurements of at least two independent sonographers, and
(29) assessed both inter and intra-rater reliability.

All studies selected only patients undergoing elective surgery,
therefore standard criteria were used to evaluate the referred
condition. Although none of the studies has listed eventual
confounding factors, (12, 23, 25, 26) selected only obese patients;
(20, 32) excluded patients with clinically predicted difficult
airway; (19, 21, 22, 24, 30) performed a correlation analysis
between the considered variables and (26, 28, 33, 35) studies
performed a multivariate logistic regression analysis to assess
the potential effect of each variable while controlling the effect
of others.

Regarding the laryngoscopy classification method, there are
some important differences between studies since Chan et al.
(29) analyzed anesthesia records after surgeries (12), analyzed
anesthesia records from previous surgeries, and (18, 21, 22, 28)
did not have an anaesthesiologist specifically assigned for this
task. Furthermore, Wu et al. (24) did not blind the US results and
(12, 21-23) did not mention blinding.

With regards to statistical analysis, the majority of studies
used appropriate methods. However, not all results were reported
in Adhikari et al. (18), Parameswari et al. (31), Mohammadi
Soltani et al. (22), and Falcetta et al. (32) studies. Some presented
unclear statistical data, such as Gupta et al. (21), Rana et al. (20),
Parameswari et al. (31), and Petrisor et al. (23). Finally, Ezri
et al. (25), Komatsu et al. (26), Wu et al. (24), Pinto et al. (27),
Mohammadi Soltani et al. (22), Wojtczak’s (12), Yao et al. (28),
and Yao and Wang (35) studies did not mention the application
of normality tests, which may compromise the results, especially
in WojtczaK’s (12) study, due to the small sample size.

Results of Studies by Ultrasound

Parameter
To predict difficult laryngoscopy and difficult tracheal intubation,
a total of 26 US parameters were investigated in the 19 studies.

Significant Ultrasound Predictors of Difficult
Laryngoscopy
The following parameters were significant in predicting a difficult
laryngoscopy: evaluation of the distance from skin to hyoid bone
(24), skin to epiglottis (18, 23, 24, 27, 32), skin to vocal cords
(VC) (19, 24-26), and skin to anterior aspect of trachea at
the level of suprasternal notch (25); condylar translation (28);
HMD in neutral (23, 33), ramped (23), and extended (27, 31)
position; tongue cross-sectional area and volume (33), thickness
and ratio of tongue thickness to TMD (35); Pre-E/aVC (29);
Pre-E/mVC (20, 21); ratio between HMD ramped position and
neutral position (HMDRI1) (23); ratio between HMD in the
extended position and neutral position (HMDR2) (12, 20, 23, 33);
pre-epiglottic area (PEA) (32) and visualization of hyoid bone
with sublingual US (34) approach.

By contrast, evaluation of the pre-epiglottic space (Pre-E) (22),
distance from epiglottis to midpoint of the distance between
vocal cords (E-VC) (22); skin to trachea at the level of the
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thyroid isthmus (18, 25, 30); floor of the mouth muscle cross-
sectional area (33); floor of the mouth muscle volume (12, 27);
tongue width and tongue thickness-to-oral cavity height ratio
(33) and Pre-E/pVC (22, 29) were not significant in predicting
a difficult laryngoscopy.

Outcomes from each study was profoundly analyzed, we
present the most relevant.

Hyoid Bone Visualization

Hui et al. (34) study concluded that sublingual ultrasound had a
sensitivity of 73% and a specificity of 97% for predicting difficult
intubation (p < 0.0001) when hyoid bone visualization was
not possible.

Skin to Hyoid Bone

At the level of the hyoid bone, patients with a difficult
laryngoscopy had a significantly larger distance from skin to
hyoid bone of 1.08 £ 0.41 cm (30), 1.69 = 0.62 cm (18), and 1.51
=+ 0.27 cm (24) compared with easy laryngoscopy. Wu et al. (24)
concluded that a distance more than 1.28 cm predicts a difficult
laryngoscopy (Se: 85.7%, Sp: 85.1%). By contrast, findings in
Reddy et al. (19) study were not statistically significant. The
overall effect of this measurement was significant (p = 0.02)
(Figure 2).

Skin to Epiglottis

At the level of the thyrohyoid membrane, patients with a difficult
laryngoscopy displayed mean measurements over 2.8 cm (18),
1.78 cm (24) (Se: 100%, Sp: 66.2%), 2.54 cm (32) (Se: 82%, Sp:
91%), and equal or superior to 2.75cm (27) (Se: 64.7%, Sp:
77.1%). Even a mere 0.91 £ 0.28cm (30) was found to be
associated with difficult laryngoscopy. By contrast, findings in
Petrisor et al. (23) study were not statistically significant. The
overall effect of this measurement was significant (p = 0.02)
(Figure 3).

Skin to Vocal Cords

At the level of the vocal cords, studies showed significant
discrepancies. While Ezri et al. (25) reported that patients with
a difficult laryngoscopy presented a significantly bigger distance
from skin to vocal cords (2.80 + 0.27 cm compared to easy
laryngoscopy, 1.75 £ 0.18 cm), Komatsu et al. (26) reported
an inverse relationship between difficult and easy laryngoscopy
patients (2.04 & 0.3 and 2.23 & 0.38 cm, respectively). A distance
superior to 1.10cm (Se: 75%, Sp:80.6%) (24) and even 0.23 cm
(Se: 85.7%, Sp: 57%) (19) predicted a difficult laryngoscopy in
other studies. By contrast, findings in Adhikari et al. (18), Falcetta
et al. (32), and Alessandri et al. (30) studies were not statistically
significant. However, the overall effect of this measurement was
significant (p = 0.02) (Figure 4).

Pre-epiglottic Area (PEA)

The pre-epiglottic area analyzed by Falcetta et al. (32) measures
the area from skin to epiglottis 10 mm each side of the midline
should be not confused with the pre-epiglottic distance used by
Guptaetal. (21), Chan etal. (29), Rana et al. (20), or Mohammadi
etal. (22) (see definition above). Falcetta et al. (32) concluded that

if this measurement was superior to 5.04 cm? (Se: 85%, Sp: 88%),
it predicted a difficult laryngoscopy.

Pre-epiglottic Space (Pre-E) and Distance From Epiglottis to
Midpoint Between Vocal Cords (E-VC)

Only Mohammadi Soltani (22) evaluated Pre-E and E-VC in
isolation and concluded that the correlation between Pre-E and
E-VC with Cormark-Lehane grade 1-3 were weak.

Pre-epiglottic Space to Distance Between Epiglottis and
Midpoint Between the Anterior and Posterior Vocal Cords
Ratio (Pre-E/mVC)

Rana et al. (20) established that a Pre-E/mVC ratio superior to
1.77 (Se: 82%, Sp: 80%) predicts a difficult laryngoscopy and
(21) described a strong positive correlation with a regression
coefficient of 0.495 (95% CI 0.319-0.671; p < 0.0001) even
though (19) did not obtain a statistically significant result for
this parameter. The overall effect was significant (p = 0.01)
(Figure 5).

Pre-epiglottic Space to Distance Between Epiglottis and
Anterior Vocal Cord Ratio (Pre-E/aVC)

Chan et al. (29) found that a Pre-E/aVC ratio superior to 1 (Se:
79.5%; Sp: 39.2%) (29) predicts a difficult laryngoscopy.

Skin to Anterior Aspect of Trachea at the Level of Thyroid
Isthmus

This was not statistically significant in the individual studies
(18, 25, 30) that considered this measurement. Its overall effect
was also not significant (p = 0.06) (Figure 6).

Skin to Anterior Aspect of Trachea at the Level of
Suprasternal Notch

At the suprasternal notch, patients with a difficult laryngoscopy
had significantly deeper skin to the anterior aspect of trachea
distance of 3.30 £ 0.43 cm (25). By contrast, findings in Adhikari
et al. (18) and Alessandri et al. (30) studies were not statistically
significant. The overall effect of this measurement was also not
significant (p = 0.06) (Figure 7).

Hyomental Distance in Neutral Position

Patients with shorter hyomental distances in neutral position
[3.99 £+ 0.56cm (33)] were found to be significantly
associated with difficult laryngoscopy. Although Petrisor
et al. (23) and Wojtczak (12) did not obtain statistically
significant results for this parameter, the overall effect of
this measurement was significant nonetheless (p < 0.0001)
(Figure 8).

Hyomental Distance in Ramped Position

Petrisor et al. (23) concluded that an HMD in ramped position
equal or inferior to 4.97 cm (Se: 100%, Sp: 61.9%) predicts a
difficult laryngoscopy.

Hyomental Distance in Extended Position

Patients with a difficult laryngoscopy had significantly decreased
HMD in the extended position, of 4.28 £ 0.64 cm (33) and 5.26
+ 0.58cm (12), compared to patients with easy laryngoscopy.
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Difficult Easy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Adhikari 2011 1.69 0.47 6 137 031 45  21.7% 0.96 [0.08, 1.83] L E—
Alessandri 2019 1.08 0.41 34 0.86 0.28 160 26.8% 0.72[0.34, 1.09] —
Reddy 2016 0.38 0.16 14 0.355 0.17 86 25.2% 0.15 [-0.42, 0.71] i
Wu 2014 1.51 0.27 28 0.98 0.26 175 26.3% 2.02 [1.57, 2.47] —
Total (95% CI) 82 466 100.0% 0.97 [0.13, 1.81] o
Heterogeneity: Tau? = 0.65; Chi? = 31.05, df = 3 (P < 0.00001); I*> = 90% _52 _51 ) i é
Test for overall effect: Z = 2.26 (P = 0.02)
FIGURE 2 | Skin to Hyoid bone distance forest plot comparing difficult and easy laryngoscopy groups.
Difficult Easy Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Adhikari 2011 3.47 0.56 6 2.37 0.25 45 16.7% 3.65 [2.52, 4.77] —_—
Alessandri 2019 0.91 0.28 34 0.78 0.22 160 22.5% 0.56 [0.19, 0.93] -
Petrisor 2018 1.575 3.073 4 1.739 1.515 21 17.2% -0.09 [-1.16, 0.98] I E—
Pinto 2016 2.825 0.443 17 2.332 0.386 57 21.2% 1.22 [0.64, 1.80] —
Wu 2014 2.39 0.34 28 1.49 39 175 22.4% 0.02 [-0.37, 0.42] .
Total (95% CI) 89 458 100.0% 0.98 [0.14, 1.83] <
Heterogeneity: Tau? = 0.80; Chi? = 42.19, df = 4 (P < 0.00001); I*> = 91% _=4 _52 S i i
Test for overall effect: Z = 2.27 (P = 0.02)
FIGURE 3 | Skin to Epiglottis distance at THM level forest plot comparing difficult and easy laryngoscopy groups.
Difficult Easy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Alessandri 2019 0.81 0.2 34 0.75 0.16 160 21.2% 0.36 [-0.02, 0.73] Il
Ezri 2003 2.8 Q.27 9 1.75 0.18 41 16.9% 5.22 [3.94, 6.51] —
Komatsu 2007 2.04 0.3 20 2.23 0.38 44 20.6% -0.53 [-1.06, 0.01] —=
Reddy 2016 0.35 0.18 14 0.25 0.11 86 20.5% 0.82[0.24, 1.39] —
Wu 2014 1.3 031 28 0.92 0.2 75 20.8% 161 [1.12; 2.10] -
Total (95% CI) 105 406 100.0% 1.35 [0.22, 2.48] -l
Heterogeneity: Tau? = 1.54; Chi? = 84.12, df = 4 (P < 0.00001); I*> = 95% _54 _’2 5 é 1:1
Test for overall effect: Z = 2.34 (P = 0.02)
FIGURE 4 | Skin to anterior commissure of vocal cords distance forest plot comparing difficult and easy laryngoscopy groups.
Difficult Easy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Rana 2018 1.987 0.25 15 1.51 0.29 105 34.0% 1.66 [1.08, 2.24] —
Gupta 2012 2.54 0.98 12 1.28 0.72 37 31L7% 1.57 [0.84, 2.30] —
Reddy 2016 1.29 0.44 14 1.187 0.37 86 34.3% 0.27 [-0.30, 0.84] —T
Total (95% CI) 41 228 100.0% 1.16 [0.22, 2.09] ———
Heterogeneity: Tau? = 0.57; Chi? = 13.45, df = 2 (P = 0.001); I* = 85% _52 _11 5 i é
Test for overall effect: Z = 2.43 (P = 0.01)
FIGURE 5 | Ratio between the pre-epiglottic space depth and the distance from epiglottis to the midpoint of the vocal cords (Pre-E/mVC) forest plot comparing
difficult and easy laryngoscopy groups.

Petrisor et al. (23) established that values equal or inferior to
5.50 cm (Se: 100%, Sp: 71.4%), predicted a difficult laryngoscopy.
The overall effect of this measurement was significant (
0.0002) (Figure 9).

Hyomental Distance in Ramped to Neutral Position Ratio
(HMDRI)

Petrisor et al. (23) found that HMDRI equal or inferior to 1.12
(Se: 75%, Sp: 76.2%) predicts a difficult laryngoscopy.
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Test for overall effect: Z = 3.70 (P = 0.0002)

Difficult Easy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alessandri 2019 0.86 0.31 34 0.78 0.24 160 79.2%  0.31[-0.06, 0.69] —l—
Ezri 2003 25 13 9 228 0.5 41  20.8% 0.31[-0.41, 1.03] =
Total (95% CI) 43 201 100.0% 0.31 [-0.02, 0.64] e —
Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.99); I = 0% _11 _Of 5 ) 055 i
Test for overall effect: Z = 1.86 (P = 0.06) ! '
FIGURE 6 | Skin to anterior aspect of the trachea distance at the level of thyroid isthmus forest plot comparing difficult and easy laryngoscopy groups.
Difficult Easy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Alessandri 2019 1.24 0.37 34 1.12 0.39 160 66.7% 0.31 [-0.06, 0.68] T
Ezri 2003 3.3 0.43 9 2.74 0.66 41  33.3% 0.88[0.13, 1.62] —_—
Total (95% CI) 43 201 100.0% 0.50 [-0.03, 1.02] e —
Heterogeneity: Tau? = 0.07; Chi? = 1.80, df = 1 (P = 0.18); I = 45% —=1 _0? 0 0=5 ‘i
Test for overall effect: Z = 1.86 (P = 0.06) ' ’
FIGURE 7 | Skin to anterior aspect of the trachea distance at the level of suprasternal notch forest plot comparing difficult and easy laryngoscopy groups.
Difficult Easy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Andruskiewicz 2016~ 3.99 0.56 22 4.32 0.42 177 77.6% -0.75[-1.20, -0.30] ——
Petrisor 2018 4.04 0.1 4 434 0.32 21 12.7%  -0.97 [-2.07, 0.14] r
Wojtczak 2017 5.13 0.53 6 5.75 0.43 6 9.7%  -1.19 [-2.46, 0.09]
Total (95% CI) 32 204 100.0% -0.82[-1.22,-0.43] <
Heterogeneity: Tau? = 0.00; Chi® = 0.47, df = 2 (P = 0.79); I> = 0% _52 _:1 3 i é
Test for overall effect: Z = 4.07 (P < 0.0001)
FIGURE 8 | HMD in neutral position forest plot comparing difficult and easy laryngoscopy groups.
Difficult Easy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Andruskiewicz 2016 4.28 0.64 22 4.82 0.46 177 52.9% -1.12[-1.57,-0.66] ——
Petrisor 2018 4.9 0.22 4 5.8 0.42 21 27.2% -2.18[-3.43,-0.92] - &
Wojtczak 2017 5.26 0.58 6 6.55 0.41 6 19.9% -2.37[-3.99,-0.75] ————=———
Total (95% CI) 32 204 100.0% -1.65[-2.53,-0.78] il
Heterogeneity: Tau? = 0.32; Chi? = 4.19,df = 2 (P = 0.12); I> = 52% 5_4 _52 3 ;lz j‘

FIGURE 9 | HMD in extended position forest plot comparing difficult and easy laryngoscopy groups.

Hyomental Distance in Extended to Neutral Position
(HMDR2)

Patients with a difficult laryngoscopy presented with a
significantly shorter HMDR2 [1.07 % 0.08 (33) and 1.02 =+
0.01 (12)] compared with patients with easy laryngoscopy.
HMDR2 equal or inferior to 1.085 (Se: 75%, Sp: 85.3%) (20)
and to 1.23 (Se: 100%, Sp: 90.5%) (23) predicted a difficult
laryngoscopy. The overall effect of this measurement was
significant (p = 0.001) (Figure 10).

Tongue Volume
The group of difficult laryngoscopy patients in Andruskiewicz’s
study (33) had significantly larger tongue volumes (121.7 =+

27.1cm) compared with patients with an easy laryngoscopy.
Wojtczak (12) did not obtain a statistically significant result for
this parameter. The overall effect of this measurement was also
not significant (p = 0.88) (Figure 11).

Floor of the Mouth Muscle Volume

The floor of the mouth muscle volume parameter was not
statistically significant in individual studies (12, 31); its overall
effect was not significant as well (p = 0.55) (Figure 12).

Tongue Thickness
Yao and Wang (35) concluded that in difficult laryngoscopy
patients had larger tongue thickness, a value superior to 6.0 cm
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Test for overall effect: Z = 0.60 (P = 0.55)

Difficult Easy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Andruskiewicz 2016 1.07 0.08 22 1.12 0.07 177 35.0% -0.70 [-1.15, -0.25] u
Petrisor 2018 1.21 0.0005 4 1.34 0.01 21 13.8% -13.48[-17.69,-9.27] ————
Rana 2018 1.06 0.32 15 1.116 0.31 105 34.7% -0.18 [-0.72, 0.36]
Wojtczak 2017 1.02 0.01 6 1.14 0.02 6 16.5% -7.01[-10.61, -3.40] ————
Total (95% CI) 47 309 100.0% -3.32[-5.32,-1.33] <o
Heterogeneity: Tau? = 2.92; Chi? = 50.60, df = 3 (P < 0.00001); I* = 94% —iO _:5 3 é 1:0
Test for overall effect: Z = 3.26 (P = 0.001)
FIGURE 10 | Ratio between HMD in extended position and HMD in neutral (HMDR2) forest plot comparing difficult and easy laryngoscopy groups.
Difficult Easy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Andruskiewicz 2016  121.7 27.1 22 111.2 22.1 177 58.9% 0.46 [0.02, 0.91] —
Wojtczak 2017 137 29 6 168 34 6 41.1% -0.91[-2.12, 0.31] I
Total (95% CI) 28 183 100.0% -0.10 [-1.42, 1.22] ’
Heterogeneity: Tau? = 0.72; Chi? = 4.29,df = 1 (P = 0.04); I> = 77% _12 _?1 S i é
Test for overall effect: Z = 0.15 (P = 0.88)
FIGURE 11 | Tongue volume forest plot comparing difficult and easy laryngoscopy groups.
Difficult Easy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Andruskiewicz 2016 20.1 5.39 22 19.32 4.15 177 86.8% 0.18 [-0.26, 0.62] I
Wojtczak 2017 348 11 6 B37.7 13 6 13.2% -0.22 [-1.36, 0.91]
Total (95% CI) 28 183 100.0% 0.13 [-0.29, 0.54] ’
ity: Tau? = - Chi? = = = 2= } t L : ;
Heterogeneity: Tau’® = 0.00; Chi 0.42,df =1 (P = 0.52); | 0% =) s ) NG 1

FIGURE 12 | Floor of mouth muscle volume forest plot comparing difficult and easy laryngoscopy groups.

(Se: 63%, Sp: 66%) predicts a difficult laryngoscopy. By contrast,
in Adhikari et al. (15) study the parameter was not considered
statistically significant, although the values were not presented.

Tongue Cross-Sectional Area

Only Andruszkiewicz et al. (33) evaluated tongue cross-sectional
area and concluded that patients with a difficult laryngoscopy had
a larger tongue cross sectional area (23.1 4 3.57 cm?) compared
with the easy laryngoscopy group (21.6 & 3.09 cm?).

Condylar Translation
Only Yao et al. (28) evaluated condylar translation and
concluded that if this measurement was equal or inferior to
1 cm [sensitivity (Se): 81%, specificity (Sp): 91%] it predicted a
difficult laryngoscopy.

An overall view of the results of the difficult laryngoscopy
group from the studies included in the meta-analyses is presented
in Supplementary Table 2.

Significant Ultrasound Predictors of Difficult Tracheal
Intubation

As predictors of difficult tracheal intubation, only three
parameters were analyzed. Tongue thickness (35) was a
significant predictor, whereas the distance from skin to anterior

commissure of vocal cords (26) and tongue thickness to TMD
ratio were not significant. Yao et al. (35) determined that a
measurement of tongue thickness superior to 6.1 cm (Se: 75%,
Sp: 72%) and tongue thickness to TMD ratio superior than 0.87
(Se: 84%, Sp: 79%) predicted a difficult tracheal intubation. On
the other hand, Komatsu et al. (26) did not obtain a statistically
significant result when analyzing the distance from skin to the
anterior commissure of vocal cords. Therefore, Yao and Wang
study (35) is the only one that obtained a statistically significant
result for difficult tracheal intubation.

No forest plot was done for difficult tracheal intubation
predictors since for each ultrasound parameter studied only one
paper was published.

Syntheses of Results

To predict a difficult laryngoscopy, 12 articles were analyzed and
11 ultrasound parameters were included in the meta-analysis, 7
of which had a significant overall effect.

Concerning the distance from skin to the hyoid bone, the
positioning of patients may explain why (19) was the only study
without significant results [head in extended (19) vs. neutral
position (18, 24, 30)]; a sample of Asian population could have
also contributed to this outcome. Even though the meta-analysis
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had a significant result, the high heterogeneity (I of 90%) means
it is less reliably applied in clinical practice.

Adhikari et al. (18), Pinto et al. (27), Wu et al. (24), Alessandri
et al. (30), and Petrisor et al. (23) studies analyzed the distance
from skin to epiglottis and had different results from their studies.

The methodology adopted by Adhikari et al. (18) and Pinto
et al. (27) were very similar. Both excluded morbidly obese
patients and the ultrasound images were collected by the same
sonographer with the same transducer (Sonosite M-Turbo, 10
MHz linear). The positioning of the patients was also comparable
(neutral position without a pillow). The CL categorization
was equal (CL 1&2 easy vs. CL 3&4 difficult). In Adhikari
et al. (18) reported values that corresponded to the average
of three measurements (one made in the central axis and two
measurements distanced 1cm from the central axis on either
side) while Pinto et al. (27) reported similar methodology except
that the lateral measurement was made at the lateral border of
the epiglottis.

Eighty and 76% of the difficult airway patients were males and
a cut-off of >2.8 and >2.75 cm was established in Adhikari et al.
(18) and Pinto et al. (27), respectively. Although the methodology
was quite similar to the studies referred above (i.e., transducer,
patient positioning), Wu et al. (24) study selected patients from
Chinese Han population, that were less heavy than in Pinto
et al. (27). This fact can explain why its cut-off value of 1.78 cm
(Se: 100%, Sp: 66.3%) is less than the studies mentioned above
(>2.8 cm in Adhikari’s and >2.75 cm in Pintos’s study).

Skin to epiglottis distance showed significant differences
between the difficult and the easy laryngoscopy groups in all
studies except in Petrisor’s study (23). The study population was
morbidly obese (i.e., BMI>40 kg/m?), 75% of the difficult airway
patients were female, and the patient position for collecting
this measurement was omitted. Those facts can explain the
differences from Adhikari et al. (18), Pinto et al. (27), Wu et al.
(24), and Alessandri et al. (30). Although its significant value in
meta-analysis, strong evidence of heterogeneity (I> = 91%, p <
0.00001) was observed.

The distance from skin to the anterior commissure of the vocal
cords studied by Ezri et al. (25), Komatsu et al. (26), Wu et al.
(24), Reddy et al. (19), and Alessandri et al. (30) had a significant
overall effect but a low reliability.

The study design, methods and sample selection were
very similar in Ezri et al. (25) and Komatsu et al. (26)
which can explain the similarity of results (2.8 £ 0.27 vs.
2.04 £ 0.3cm). Although Wu et al. (24) adopted the same
methodology and study design, their sample of lighter Chinese
Han population may have resulted in a lower cut-off and
lower mean (>1.1cm, 1.30 £ 0.31cm). Reddy et al. (19)
yielded the most discrepant result (cutoff >0.23 cm) compared
to the studies above, mostly secondary to a specific population
(only 6% of patients were obese) and the extended cervical
position adopted for the US evaluation. Alessandri et al. (30)
was the only study without significant results and with the
lowest mean value measured. This authors adopted a different
CL categorization (CL grade 2B as difficult laryngoscopy),
which may have unintentionally placed patients in the difficult
laryngoscopy group, that in other studies would belong to the

easy group. A strong heterogeneity was reported (I> = 95%, p
< 0.00001).

Rana et al. (20) and Gupta et al. (21) found significant results
concerning Pre-E/mVC. In Gupta et al. (21) study the mean value
for the Pre-E/E-VC was much higher (2.54cm =+ 0.98) when
compared with Reddy et al. (19) (1.29 cm =+ 0.44) and Rana et al.
(20) (1.987 cm =+ 0.26) results. This can be partially explained
by a small sample size, an incomplete investigator training and
by the unknown demographics from Gupta et al. (21) study.
Rana et al. (20) included patients with a BMI <25 kg/m? and
Reddy (19) between 14.2 and 39 kg/m?, which may explain the
distinct results and indicate that this parameter might be more
useful in normal weighted patients. Although the overall effect
was significant, the heterogeneity (I = 85%) was high.

Only Andruskiewicz et al. (33) found significant differences
measuring HMD in neutral position. This parameter had,
however, a significant overall effect, with 0% heterogeneity,
since this author and co-workers had a considerably higher
weight in the analysis due to the sample size (199 patients).
This US parameter was the most reliable measure of a
difficult laryngoscopy.

Both HMD in extended position (12, 23, 33) and HMDR2
(12, 20, 23, 33) had significant overall effects as all studies
had significant differences. All authors implemented the same
methodology, study design and US measurement technique, for
both HMD extended and HMDR2. Although Petrisor et al. (23)
and Wojtzak (12) studied obese and morbidly obese patients, the
population body mass index in Andruszkiewicz et al. (33) study
had the lowest BMI while in Rana et al. (20) patients had variable
BMI (14.2-39 kg/m?). This fact suggests that this predictor may
be applied to the general population. However, HMD in extended
position had a heterogeneity of 52%, meaning that their relevance
for clinical practice is still unclear.

DISCUSSION

Summary of Evidence

Despite its widespread use, ultrasonography is not yet routinely
used for airway assessment and management (36-39) and its use
for prediction of a difficult airway is still limited.

In the literature, several ultrasound measurements of cervical
anatomic structures have been assessed and used as indicators of
difficult airway, but there is still debate about the best parameter
and the need for higher level of evidence (40).

The present analysis revealed that 7 US measurements have a
significant overall effect as predictors for a difficult laryngoscopy.
We found that HMD in neutral position was the most consistent
predictor. Other potentially useful measurements are HMD
in extended position, HMDR?2, Pre-E/E-mVC, as well as the
distance from skin to hyoid bone, skin to epiglottis, and skin to
the anterior commissure of vocal cords.

Limitations

One of the most important limitations of this systematic review
and meta-analysis is the heterogeneity of the samples in the
studies reviewed, namely BMI ranges, ethnic diverse populations,
and female to male proportions. There is also significant
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discrepancy in study characteristics, mainly in the sample size
and blinding. Another limitation of the study is related to the
concepts of difficult laryngoscopy and difficult intubation. Both
words are used interchangeably in same cases. Therefore, the
use of the Cormack-Lehane classification as a surrogate outcome
measure for a difficult tracheal intubation may imply a bias in this
study. However, it has been thoroughly utilized in the literature,
and a CL grade 3 was associated with an 87.5% likelihood of a
difficult tracheal intubation (41).

In the selected studies, there may be a selection bias as
only articles related to elective surgeries were chosen, which
can compromise external validity of the results. This resulted
from the fact that only one article on the use of ultrasound
in emergency surgery was identified and was not considered
as representative sample. Additionally, our population study
excluded pregnant (42, 43) and pediatric (44, 45) patients. Both
groups of populations have airway anatomical and physiological
specificities that could render a bias in the analysis and should be
analyzed independently from the general population.

Finally, for the evaluation of each US parameter, a
standardized US technique and positioning are missing,
hence there may be a bias associated with the acquisition of the
data, even though there was a significant effort to describe in
detail the used technique and to train the sonographers to allow
reproducibility of the results.

CONCLUSION

Our findings suggest that ultrasonography is a useful tool for
prediction of a difficult laryngoscopy and that the best candidate
to implement in clinical practice is the measurement of the
hyomental distance with the head and neck in neutral position.

Recommendations for Future Studies
Future studies should include larger sample sizes with
proportional standard characteristics and ensure a standardized
US measurement technique and positioning. It would also be
beneficial to assess inter and intra-rater reliability to ensure the
validity of the results.

Assessing HMD in neutral position may be the direction to
go as it is the most promising US parameter. It may be relevant
to define a specific cut-off for ethnicity, obesity, pregnancy, and
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