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Background: Mask ventilation is an essential element of
airway management that has rarely been studied as the primary
outcome. The authors sought to determine the incidence and
predictors of difficult and impossible mask ventilation.

Methods: A four-point scale to grade difficulty in performing
mask ventilation (MV) is used at the authors’ institution. They
used a prospective, observational study to identify cases of
grade 3 MV (inadequate, unstable, or requiring two providers),
grade 4 MV (impossible to ventilate), and difficult intubation.
Univariate and multivariate analyses of a variety of patient his-
tory and physical examination characteristics were used to
establish risk factors for grade 3 and 4 MV.

Results: During a 24-month period, 22,660 attempts at MV
were recorded. 313 cases (1.4%) of grade 3 MV, 37 cases (0.16%)
of grade 4 MV, and 84 cases (0.37%) of grade 3 or 4 MV and
difficult intubation were observed. Body mass index of 30
kg/m? or greater, a beard, Mallampati classification III or IV, age
of 57 yr or older, severely limited jaw protrusion, and snoring
were identified as independent predictors for grade 3 MV. Snor-
ing and thyromental distance of less than 6 cm were indepen-
dent predictors for grade 4 MV. Limited or severely limited
mandibular protrusion, abnormal neck anatomy, sleep apnea,
snoring, and body mass index of 30 kg/m? or greater were
independent predictors of grade 3 or 4 MV and difficult intuba-
tion.

Conclusions: The authors observed the incidence of grade 3
MV to be 1.4%, similar to studies with the same definition of
difficult MV. Presence of a beard is the only easily modifiable
independent risk factor for difficult MV. The mandibular pro-
trusion test may be an essential element of the airway exami-
nation.

MASK ventilation (MV) is an essential component of
airway management and the delivery of general anesthe-
sia.r Successful MV provides anesthesia practitioners
with a rescue technique during unsuccessful attempts at
laryngoscopy and unanticipated difficult airway situa-
tions. Although there is an extensive body of literature
addressing predictive factors for difficult laryngoscopy
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and grading its view, investigations that focus on MV are
limited.?3

In 2000, Langeron et al.* characterized predictive fac-
tors for and incidence of difficult mask ventilation
(DMV). In an accompanying editorial, Adnet® recom-
mended establishing a MV numerical scale. In 2004, Han
et al.® described a grading scale for MV consisting of four
categories (grades 1-4), with grade 3 and 4 describing
specific criteria for DMV and impossible mask ventila-
tion (IMV), respectively.

Given the limited data regarding DMV and almost com-
plete absence of data regarding IMV, the objectives of
the current study included a confirmation of Langeron’s
predictive factors for DMV, evaluation of associations
between previously unstudied parameters and DMV, de-
termination of the incidence of both DMV and IMV, and
evaluation of final airway outcome in cases of IMV.

Materials and Methods

After obtaining institutional review board approval
(University of Michigan, Ann Arbor, Michigan), all adult
patients undergoing general anesthesia were prospec-
tively included in this trial. Because no clinical interven-
tions were studied and no patient-identifiable data were
used, signed patient informed consent was waived per
the institutional review board approval. For each an-
esthetic case, a preoperative history and physical and
intraoperative record were documented using an elec-
tronic perioperative clinical information system (Cen-
tricity®; General Electric Healthcare, Waukesha, WI).
Elements documented included a standard airway
physical examination, physical features that may affect
mask fit, patient history that may suggest airway anat-
omy pathology, and general patient and operation
characteristics (tables 1 and 2).%7

The primary outcome measure was ease or difficulty of
MV. A four-point scale ranging from grade 1 to 4 origi-
nally described by Han et al.° is used at our facility (table
3). Grade 3 (DMV) is defined as MV that is inadequate to
maintain oxygenation, unstable MV, or MV requiring two
providers. Grade 4 MV is defined as IMV noted by ab-
sence of end-tidal carbon dioxide measurement and lack
of perceptible chest wall movement during positive-
pressure ventilation attempts despite airway adjuvants
and additional personnel. Two incidence pilot studies
were previously performed by Han et al..> Previous stud-
ies suggest that the use of muscle relaxant does not alter
the grade MV assigned.*® Secondary outcomes mea-



sured were direct laryngoscopy (DL) view as defined by
Cormack and Lehane,’
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During the first 9 months of the study period, the
mandibular protrusion test was not recorded in the pre-
operative anesthesia history and physical form. There-
fore, only 14,369 cases were included in the univariate
and multivariate predictor analysis. All episodes of grade
3 or 4 MV were included in the analysis.

Univariate analysis demonstrated several risk factors
associated with grade 3 MV, grade 4 MV, and grade 3
or 4 MV with DI (table 4). Body mass index (BMI) of
30 kg/m? or greater and age of 57 yr or older maxi-
mized the sum of sensitivity and specificity for each
risk factor. Multivariate regression analysis identified
the following independent predictors of grade 3 MV:
BMI of 30 kg/m? or greater, presence of a beard,
Mallampati classification 1l or IV, age of 57 yr or
older, severely limited mandibular protrusion, and a
history of snoring (table 5). These six indicators were
used to create a prediction score. A patient was given

Table 4. Univariate Predictors of Airway Outcomes

one point if a preoperative predictor was noted. The
area under the curve for the receiver operating char-
acteristic curve was 0.75 (fig. 1). Weighting the fac-
tors did not improve the curve.

Multivariate regression identified history of snoring
(P = 0.004) and thyromental distance of less than 6 cm
(P = 0.040) as independent predictors of grade 4 MV.

Multivariate regression analysis identified the following
independent predictors of grade 3 or 4 MV combined
with DI: limited or severely limited mandibular protru-
sion, thick/obese neck anatomy, history of sleep apnea,
history of snoring, and BMI of 30 kg/m? or greater (table
5). The receiver operating characteristic curve demon-
strated an area under the curve of 0.78 (fig. 2).

Of the 37 cases of grade 4 MV, only 1 patient could not
be intubated and required emergent cricothyrotomy.
Ten patients had a DI, and 26 were intubated without
difficulty.

Grade 3 or 4 Mask Ventilation and Difficult

Grade 3 Mask Ventilation Grade 4 Mask Ventilation Intubation
No No
(n= Yes P (n= Yes P No Yes P
14,057)* (n = 313) Value 14,332) (n = 37" Value (n = 14,285)* (n = 84y Value
Mallampati Ill or IV 1,188 (8.6) 70 (23) < 0.001 1,252 (8.9) 6(17) NS 1,221 (8.7) 37 (45.7) < 0.001
Abnormal cervical 1,108 (8) 37 (14) 0.001 1,139 (8.1) 6 (20) 0.013 1,160 (8.1) 15 (20.3) < 0.001
spinet
Thick/obese neck 1,397 (10) 95 (34) < 0.001 1,477 (11) 15 (48) < 0.001 1,455 (11) 37 (49) < 0.001
anatomy
Abnormal neck 153 (1.2) 4(2.2) NS 154 (1.2) 3(16) 0.002 155 (1.2) 2(4.9) NS
anatomyf
Edentulous 522 (4.4) 25 (15) < 0.001 544 (4.5) 3(13) NS 545 (4.5) 2(4.3) NS
dentition
Thyromental 901 (6.5) 30 (11) 0.007 926 (6.6) 5(16) 0.039 913 (6.5) 18 (23.4) < 0.001
distance < 6 cm
Mouth opening 553 (4) 20 (6.8) 0.016 571 (4.1) 2 (6.3) NS 564 (4) 9(11.5) 0.001
<3cm
Limited MPT 1,333 (9.8) 24 (15) 0.042 1,355 (9.8 2(9.1) NS 1,348 (9.8) 9 (22.5) < 0.001
Beard 1,371 (9.9) 62 (20) < 0.001 1,427 (10) 6(17) NS 1,421 (10) 12 (15) NS
Cough 380 (2.7) 20 (6.5) < 0.001 399 (2.8) 1(2.7) NS 397 (2.8) 3(3.6) NS
Rhinorrhea 65 (0.5) 2 (0.6) NS 67 (0.5) 0(0) NS 67 (0.5) 0(0) NS
COPD 792 (5.7) 28 (9.1) 0.011 818 (5.8) 2(5.4) NS 816 (5.8) 4 (4.8) NS
Asthma 1,133 (8.2) 27 (8.9) NS 1,158 (8.2) 2(5.9) NS 1,149 (8.2) 11 (14) NS
Snoring 3,505 (27) 83 (50) < 0.001 3,576 (27) 12 (57) 0.002 3,560 (27) 28 (67) < 0.001
Sleep apnea 651 (4.7) 49 (16) < 0.001 693 (4.9) 7(19) < 0.001 682 (4.8) 18 (22) < 0.001
Body mass 8,843 (64) 270 (90) < 0.001 9,083 (64) 30 (81) 0.033 9,039 (64) 74 (91) < 0.001
index = 25 kg/
m2
Age = 55 yr 5,952 (42) 171 (55) < 0.001 6,107 (43) 16 (43) NS 6,090 (43) 43 (51) NS
Emergent 384 (2.7) 15 (4.3) NS 397 (2.8) 2 (5.6) NS 593 (2.8) 6(7.1) 0.015
operation
Resident 8,581 (62) 266 (85) < 0.001 8,823 (62) 24 (65) NS 8,785 (62) 62 (74) 0.029

anesthetist§

Data are n (%).

* Cases with missing data for the specific predictor are excluded from percentage calculation.
1 Defined as limited laryngeal mobility, radiation changes, thyroid cartilage not visible, tracheal deviation.

possible unstable.

T Defined as limited extension, limited flexion, known unstable,
§ A comparison of the anesthesia

resident patient population group with the certified registered nurse anesthetist/fellow patient population group demonstrated a highly statistically significant
difference in risk factors for difficult mask ventilation. Given this difference in acuity, anesthetic performed by resident was removed from the multivariate
regression analysis despite being significant in the univariate analysis.

COPD = chronic obstructive pulmonary disease; MPT = mandibular protrusion test; NS = not significant.
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Table 5. Airway Outcome Independent Predictors

Factor P Value
Grade 3 mask ventilation
Body mass index = 30 kg/m? < 0.0001
Beard < 0.0001
Mallampati Ill or IV < 0.0001
Age = 57 yr 0.002
Jaw protrusion—severely limited 0.018
Snoring 0.019
Grade 3 or 4 mask ventilation and difficult intubation
Jaw protrusion—limited or severely limited < 0.0001
Thick/obese neck anatomy 0.019
Sleep apnea 0.036
Snoring 0.049
Body mass index = 30 kg/m? 0.053

Discussion

The results of this study confirm the incidence of grade
3 MV (1.4%) to be similar to the 1.6% incidence reported
in the review of Han et al° of 1,405 patients using the
same MV scale. This is less than the 5% DMV incidence
reported in the study of Langeron et al.* using a different
MV scale. Grade 4 MV (IMV) has an incidence of 0.16%
in the studied tertiary care center surgical patient pop-
ulation. Abnormalities in the mandibular protrusion test
may be associated with grade 3 MV. Although grade 4
MV is associated with DI, an overwhelming majority of
patients can still be intubated.

Langeron et al.* reported the incidence and predictors
of DMV in a study of 1,502 adult patients designed

Grade 3 Mask Ventilation ROC Curve

explicitly for this endpoint. The 1.4% observed inci-
dence of grade 3 MV in our population was markedly
lower than that reported by Langeron et al* (5%) but
similar to that reported by Han et al.® (1.5%), Asai et al.*°
(1.4%), and Rose and Cohen** (0.9%). This is most likely
due to the different definitions of DMV. Historically, only
three categories of MV have been used (easy, difficult,
and impossible).}**2 Of note, our inclusion of a grade 2
definition (ventilated by mask with oral airway/adjuvant
with or without muscle relaxant) is applicable to at-
tempts that are neither easy nor difficult. This may be the
most important explanation for why our incidence of
grade 3 MV was lower than Langeron’s incidence of
DMV. Our study participants were able to describe an
airway that was not “easy” but nevertheless presented
some challenges. Clinically, neither grade 1 nor grade 2
MV raises significant clinical concern for the experi-
enced anesthetist. This is similar to the four-point scales
used to describe DL view (Cormack and Lehane) and
oropharyngeal anatomy (Mallampati examination as
modified by Samsoon and Young).”® The American So-
ciety of Anesthesiologists Task Force on Management of
the Difficult Airway succinctly defined DI as intubation
requiring “multiple attempts,”* whereas the definition of
DMV was a list of signs and symptoms ranging from
objective monitoring abnormalities to subjective assess-
ments of adequacy of air movement.! Although Han’s
MV scale is also limited by definitions including multiple
signs and symptoms, the four-point scale may be supe-
rior at discriminating clinically significant MV challenges.
Although other small studies have identified similar DMV
rates, Langeron’s three categories and 5% DMV inci-
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Fig. 1. A receiver operating characteristic (ROC) curve evaluat-
ing the sensitivity and specificity of risk factors for grade 3
(difficult) mask ventilation. Six independent predictors for dif-
ficult mask ventilation were observed: body mass index of 30
kg/m? or greater, presence of a beard, Mallampati classification
III or IV, age of 57 yr or older, severely limited mandibular
protrusion, and a history of snoring. A prediction score for
difficult mask ventilation was based on how many of these risk
factors a patient possessed. The ROC curve assists practitioners
in evaluating the value of a test and in establishing an appro-
priate cutoff for tests that posses a range of scores. The area
under the curve for the difficult mask ventilation ROC curve
was 0.75.
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Fig. 2. A receiver operating characteristic (ROC) curve evaluat-
ing the sensitivity and specificity of risk factors for grade 3
(difficult) or 4 (impossible) mask ventilation and difficult intu-
bation (grade III or IV direct laryngoscopy view or 4+ intuba-
tion attempts by staff). Five independent predictors were ob-
served: limited or severely limited mandibular protrusion,
thick/obese neck anatomy, a history of sleep apnea, a history of
snoring, and body mass index of 30 kg/m? or greater. A predic-
tion score for difficult mask ventilation and intubation was
based on how many of these risk factors a patient possessed.
The area under the curve for the difficult mask ventilation ROC
curve was 0.78.
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dence may overstate the incidence of clinically signifi-
cant DMV, 1213

We were able to confirm Langeron’s observation that
increased BMI, presence of a beard, history of snoring,
and advanced age are independent predictors of grade 3
MV. Our observations indicated an optimal sensitivity
and specificity at a BMI of 30 rather than 26 kg/m? as
previously reported.* Although significantly increased
BMI has been found to be a risk factor for DI,** these
data demonstrate that even moderately increased BMI is
the most important risk factor for grade 3 MV. We have
confirmed presence of a beard as an important risk
factor for grade 3 MV. Poor mask fit and gas leak are the
intuitive anatomical pathology relating presence of a
beard and grade 3 MV.'® A beard is the only easily
modifiable risk factor for DMV. Now that it has been
confirmed that a beard is a significant risk factor, we are
obligated to inform patients of this risk. We may need to
recommend that they shave their beard before the pro-
cedure, especially in patients with other risk factors for
DMV. Further investigation in this area is necessary.

We were able to confirm that a history of snoring is
associated with grade 3 MV as reported previously by
Langeron et al* and Yildiz et al*? Snoring has been
shown to be related to upper airway collapse.*® A his-
tory of obstructive sleep apnea requiring surgical or
positive airway pressure treatment was not found to be
related to grade 3 MV. Given the high prevalence of
snoring, we had hoped to find a more specific historical
or physical examination element that may provide im-
proved positive predictive value.” In contrast to Lange-
ron’s findings, we were unable to identify lack of teeth as
an independent predictor of grade 3 MV. Although age
of 57 yr or older may seem to be the independent
predictor responsible for eliminating edentulous denti-
tion from the multivariate model, interaction analysis did
not support this theory. This deviation from the results
of Langeron et al. warrants further study.

Our data do identify a possible relation between ab-
normalities in the mandibular protrusion test and grade
3 MV. The jaw-thrust maneuver as a tool in restoring
patency of the upper airway is a mainstay of anesthetic
practice and has been described for more than 100 yr.*8
Although evaluation of the mandibular protrusion test is
a part of the American Society of Anesthesiologists Task
Force on Management of the Difficult Airway’s standard
physical examination,* many institutions, including ours,
have not historically performed the test, been aware of
its significance, or documented its findings.'® Calder et
al.® and Takenaka et a/.?° indicated the need to further
study the value of this quick and simple test. The inabil-
ity to protrude the mandible, particularly in patients
with characteristics predisposing them to upper airway
collapse, may be an important risk factor. Our data do
indicate a role for this test as part of the standard airway
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Fig. 3. The risk of grade 3 MV (fop, open boxes) or grade 3/4 MV
and difficult intubation (below, closed boxes) based on the
number of patient risk factors. The odds ratio compares patient
cohorts with a given risk level (i.e., = 1, = 2, etfc.) to a patient
with 0 risk factors. The x-axis demonstrates the odds ratio and
95% confidence interval using a log 10 scale.

examination and its inclusion as a risk factor for grade 3
MV.

Patients with three or more points in the predictor
scale had a grade 3 MV incidence of 5%, nearly 20 times
the baseline incidence of 0.26% for patients with zero
points (fig. 3). Some providers may wish to use a risk
factor cutoff of three to guide their MV preparation.
Given the morbidity associated with airway difficulty,
our predictive factor system may serve to help the prac-
titioner prepare for a possible episode of grade 3 MV by
having the patient shave his beard, ensuring the pres-
ence of another anesthesia provider in the room, or
preparation for alternate methods of MV.*

The study of IMV has been limited to anecdotal reports
of its occurrence.?>?2 No previous study has been able
to comment on its incidence or predictors.™® Our series
of 37 patients demonstrates the largest group of IMV
patients reported thus far and may offer some insight.
The incidence of grade 4 MV is rare at 0.16%, but still
more frequent than other dreaded anesthesia complica-
tions such as malignant hyperthermia or homozygous
atypical pseudocholinesterase.?®?* Given that MV is an
important rescue technique in cases of DI, the inability
to mask ventilate represents an event with significant
potential morbidity and mortality.®> We were only able
to identify two predictors of grade 4 MV: a history of
snoring and thyromental distance of less than 6 cm. This
is almost certainly due to limited statistical power given
the relatively small number of cases available for study,
masking true relations. However, it may actually reveal
an underlying variation in etiology between grade 3 MV
and grade 4 MV.
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Table 6. Grade 3 or 4 Mask Ventilation Risk Factors among
Standard versus Awake Fiberoptic Intubation Attempts

Grade 3 or 4 Awake Fiberoptic Intubation Standard Induction
MV Risk Factors (n = 586) (n = 13,668)
=1 460 (78) 9,644 (71)
=2 252 (43) 4,471 (33)
=3 97 (17) 1,431 (10)
=4 24 (4.1) 222 (1.6)
=5 2 (0.3) 17 (0.1)

Data are n (%).
MV = mask ventilation.

The most important result from our series of 37
grade 4 MV patients is the fact that only 1 patient
required surgical airway access. Given the overlap of
conditions that predispose to grade 3 MV and DI, a
valid a priori concern would be that IMV cases may
have a high incidence of impossible intubation via DL.
Although a disproportionate share of these patients
had poor views on DL, they were successfully intu-
bated. Unfortunately, provider preoperative concern
for DI may be markedly skewing our results. Out of
concern for impossible ventilation and intubation, the
anesthesia provider may have chosen elective awake
fiberoptic intubations and thereby excluded these pa-
tients from our data set. Table 6 does demonstrate that
patients undergoing elective awake fiberoptic intuba-
tion had much higher rates of the risk factors for grade
3 MV than the general population studied (P < 0.01).
Clearly, despite our large overall sample size, we were
unable to detect a large number of IMV cases and
struggle to provide conclusions regarding IMV risk
factors. Further studies assessing incidence, predic-
tors, and impact of IMV are essential.

Analysis of patients with grade 3 or 4 MV and DI
represents a fruitful and important effort because of the
frequency observed in our population (0.37%) and a
large enough series to provide meaningful data (84
cases). Limited or severely limited mandibular protru-
sion, thick/obese neck anatomy, a history of sleep apnea,
a history of snoring, and BMI of 30 kg/m? or greater were
identified as independent predictors. This clinical situa-
tion represents among the most feared airway outcomes:
a patient in whom establishing endotracheal ventilation
is difficult and the primary rescue technique, MV, is also
challenging. The ability to predict this situation would
offer the clinician the ability to prepare for it with
alternative airway tools before engaging in anesthesia
induction: laryngeal mask airway, fiberoptic intubation
cart, Bullard laryngoscope, and so forth. Intuitively, the
presence of a beard should not be a shared anatomical
abnormality for both grade 3 MV and DI, and the data are
consistent with this hypothesis. The mandibular protru-
sion test was the most important predictor for this out-
come. This supports the theory that defects in mandib-
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ular protrusion may be a shared abnormality between DI
and DMV as suggested by Takenaka et al.?°

There are several limitations to our conclusions. To
garner a large enough sample size, we could not in-
troduce a data collection process or care protocol that
interfered with delivery of clinical care. Despite gen-
eral standardization of MV and intubation technique at
our institution, we cannot guarantee that controlled
and uniform conditions were applied across all the MV
attempts. In addition, both the possible predictors and
outcomes were recorded by providers as part of their
clinical documentation responsibilities. Although the
format and specificity of some elements were prospec-
tively altered to provide more detailed data for analy-
sis, we did not use a distinct data collection form with
diagrams and extensive definitions to assist providers
in accurate selection as recommended in other stud-
ies.?®> A more consistent reported incidence of grade 3
MV is a first step to predicting its occurrence. To that
end, we recommend the validation of an MV scale as
described by Han et al® Our definition was more
stringent than that used by Langeron and may be
underestimating the incidence of clinically significant
grade 3 MV as a result. Our analysis of grade 4 MV is
limited by the rarity of the event more so than ambi-
guity in its definition. Despite reviewing more than
20,000 cases, we were able to identify only 37 occur-
rences and were unable to derive reliable predictors
of the event. Multicenter trials combining patient pop-
ulations or detailed retrospective studies of patients
exhibiting IMV may be warranted.

In conclusion, we have been able to demonstrate the
value of the mandibular protrusion test in predicting
DMV and DMV combined with DI. We have provided
confirmation of previous studies indicating the predic-
tive value of advanced age, increased BMI, presence of a
beard, and a history of snoring. Furthermore, we have
been able to comment on the incidence and predictors
of two more rare yet clinical worrisome situations: IMV
and DMV combined with DI. We hope our data can serve
to help anesthesia providers prepare for possible DMV
with greater accuracy.
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