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The original and modified Mallampati tests are com-
monly used to predict the difficult airway, but there is
controversy regarding their accuracy. We searched
MEDLINE and other databases for prospective studies
of patients undergoing general anesthesia in which the
results of a preoperative Mallampati test were com-
pared with the subsequent rate of difficult airway (dif-
ficult laryngoscopy, difficult intubation, or difficult
ventilation as reference tests). Forty-two studies enroll-
ing 34,513 patients were included. The definitions of the
reference tests varied widely. For predicting difficult
laryngoscopy, both versions of the Mallampati test had

good accuracy (area under the summary receiver oper-
ating characteristic (SROC) curve = 0.89 = 0.05and 0.78
*+ 0.05, respectively). For predicting difficult intuba-
tion, the modified Mallampati test had good accuracy
(area under the sROC curve = 0.83 =+ 0.03) whereas the
original Mallampati test was poor (area under the
sROC curve = 0.58 = 0.12). The Mallampati tests were
poor at identifying difficult mask ventilation. Publica-
tion bias was not detected. Used alone, the Mallampati
tests have limited accuracy for predicting the difficult
airway and thus are not useful screening tests.

(Anesth Analg 2006;102:1867-78)

bation occur in 1.5% to 8% of general anesthetics

(1). Of available methods, the Mallampati, orig-
inal (2) and modified (3,4) tests, are used as a preop-
erative bedside test to predict a difficult airway (5).
However, the usefulness of this test is unclear, as
published studies have produced variable estimates of
diagnostic test accuracy. The original Mallampati test
(2) identified difficult intubations with a high degree
of accuracy, with sensitivity of 50% and specificity of
100%. However, subsequent larger studies have
shown only modest degrees of accuracy using the
original (6) and modified (7-9) versions of the test.
Furthermore, the accuracy of the Mallampati test may
vary according to patients” ethnic group and sex and
whether they are pregnant (10). For example, in Asian
patients it may be more difficult to intubate the tra-
chea than in Caucasians (11,12).

D ifficult laryngoscopy and difficult tracheal intu-
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The objective of this systematic review was to de-
termine the accuracy of the Mallampati test for pre-
dicting the difficult airway. For the purposes of this
review, the definition of a difficult airway included
difficult laryngoscopy, difficult tracheal intubation,
and difficult ventilation. The null hypothesis tested
was that all versions of the Mallampati test had poor
accuracy for identifying difficult airway. We also ex-
plored sources of heterogeneity to increase the clinical
relevance of the results.

Methods

This systematic review and meta-analysis followed
guidelines on conducting systematic reviews of diag-
nostic studies (13,14). We included all prospective ob-
servational studies of patients undergoing general an-
esthesia who had preoperative Mallampati test
assessments and a subsequent assessment of difficult
laryngoscopy, difficult tracheal intubation, or difficult
mask ventilation. Difficult airway was defined by a
grade III score in the original Mallampati test (2) or a
grade III or IV in the modified Mallampati test (3,4)
(Table 1).

The studies we assessed included patients with no
known risk factors for difficult tracheal intubation as
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Table 1. Definition of Mallampati Tests and Cormack and Lehane Scales

Grade 1
Grade 2

Original Mallampati Test (2)

Grade 3
Modified Mallampati Test (3) Class 1
Class 2
Class 3
Class 4
Modified Mallampati Test (4) Class 0
Class 1
Class 2
Class 3
Class 4
Grade 1
Grade 2
Grade 3
Grade 4
Grade 1
Grade 2a
Grade 2b

Cormack and Lehane scale (20)

Modified Cormack and Lehane scale (21)

Grade 3
Grade 4

Faucial pillars, soft palate, and uvula could be visualized

Faucial pillars and soft palate could be visualized, but
uvula was masked by base of the tongue
Only soft palate could be visualized

Soft palate, fauces, uvula, pillars seen

Soft palate, fauces, uvula seen

Soft palate, base of uvula seen

Soft palate not visible at all

Ability to see any part of the epiglottis on mouth
opening and tongue protrusion

Soft palate, fauces, uvula, pillars seen

Soft palate, fauces, uvula seen

Soft palate, base of uvula seen

Soft palate not visible at all

Full view of the glottis

Partial view of the glottis or arytenoids

Only epiglottis visible

Neither glottis nor epiglottis visible

Full view of the glottis

Partial view of the glottis

Arytenoids or posterior part of the vocal cords only just
visible

Only epiglottis visible

Neither glottis nor epiglottis visible

well as patients with upper airway pathology, diabe-
tes, obesity, and patients who were pregnant. All
types of surgery were considered. Patients undergo-
ing indirect laryngoscopy were excluded (8,15). Ret-
rospective studies (3,16) and case-control studies (17—
19) were excluded because these would overestimate
the diagnostic test accuracy compared with studies
using a prospective clinical population. The reference
tests for difficult airway with which the Mallampati
test were compared included difficult laryngoscopy
(as defined by the four-grade Cormack and Lehane
scoring system (20) or the modified five-grade Cormack
and Lehane classification (21) and difficult intubation
and difficult ventilation (as defined by the authors).

Search Strategy

A systematic search of all relevant prospective ob-
servational studies was conducted. Relevant studies
were identified from electronic databases (MEDLINE,
EMBASE, Science Citation Index, The Cochrane Li-
brary) January 1985-December 2004, and reference
lists of relevant studies and reviews in major journals
related to anesthesia. Articles were restricted to those
published in English, as there is no evidence to sug-
gest a strong association between language restriction
and publication bias in systematic reviews of diagnos-
tic tests (22). We used four databases to ensure that
relevant articles were identified, as publication bias is
more likely to be found if only one to two databases
are used in systematic reviews of diagnostic tests (22).

In addition, the following subject headings and text
words, and their combinations, were included in elec-
tronic database search strategy: sensitivity, specificity,
screening, false positive, false negative, predictive value of
tests, reference values, roc analyses, roc area, roc character-
istics, roc curve, endotracheal intubation, intratracheal in-
tubation, laryngoscopy, difficult laryngoscopy, difficult in-
tubation, Mallampati and Cormack and Lehane.

The methodological quality of eligible studies was
assessed independently under open conditions. Meth-
ods of recruitment and blinding between test and
reference test results among anesthesiologists were
recorded. The patient population, type of surgery and
details of test and reference tests were also collected.
Data were obtained from studies independently by
two or more investigators using a standardized data
extraction form; disagreements were resolved by con-
sensus. The primary author was contacted by letter or
email for relevant data that were not presented in the
original publication.

Outcome Measures

The primary outcomes were 1) difficult laryngos-
copy (20,21) (Cormack and Lehane Grades 2b, 3 and 4)
(Table 1) and 2) difficult tracheal intubation (as there is
no standard definition for difficult intubation, we ac-
cepted the definition used by authors from each
study). The secondary outcome was difficult ventila-
tion, as defined by authors from each study. The pri-
mary and secondary outcomes were chosen because
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they are related to consensus guidelines (23) and are
clinically important measures of difficult airway.

Statistical Analysis

The sensitivity, specificity, positive likelihood ratio,
and negative likelihood ratio were determined indi-
vidually from each included study. The accuracy of
the test was judged by the magnitude of the positive
and negative likelihood ratios (how much a given
diagnostic test result will increase or decrease the
pre-test probability of the target disorder) using the
guide by Jaeschke et al. (24). The potential problems
associated with sensitivities and specificities of 0%
and 100% were solved by adding 0.5 to all cells of the
diagnostic 2 X 2 table (13). The DerSimonian Laird
method (random effects model) was used to incorpo-
rate variation among studies when pooling sensitivity,
specificity, positive likelihood ratio, and negative like-
lihood ratio. However, when there was an association
between sensitivity and specificity across studies
(threshold effect), we did not report the individual
weighted average for sensitivity, specificity, positive
likelihood ratio, and negative likelihood ratio, as this
would lead to under-estimation of diagnostic test per-
formance (25,26). Instead, a summary receiver opera-
tor characteristic (SROC) curve of all the studies was
created (27), as this is a better summary of the study
results than a single joint summary estimate of sensi-
tivity and specificity (see Appendix for details about
construction and interpretation of sSROC curve). We
used the area under the sROC curve to judge the
degree of accuracy of the tests according to published
guidelines (28) (=0.97 = excellent, 0.93 to 0.96 = very
good, 0.75 to 0.92 = good, 0.50 to 0.75 = poor). We
computed a weighted average of the specificity from
all studies using the random effects models; then the
sensitivity was calculated from the sROC curve equa-
tions. Positive and negative likelihood ratios were de-
rived from the summary sensitivity and specificity.

Heterogeneity was described using the I” statistic
(29) for pooling sensitivity, specificity, and positive
and negative likelihood ratios. Sensitivity analyses
were performed to evaluate the robustness of results
according to blinding of test results among anesthesi-
ologists (blinding versus unclear/no blinding) for the
primary outcomes.

Publication bias was assessed using the Egger’s
weighted regression method (30) with precision (1/
standard error) and log odds ratio plotted. The inter-
cept value in Egger’s regression method provides an
estimate of asymmetry of the funnel plot, with posi-
tive values indicating a trend towards higher levels of
test accuracy in studies with smaller sample sizes. The
threshold of significance was set at P < 0.10 for this
method as this test has low power (31). All statistical
analyses were performed using Stata version 8.0 (Stata
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Corp, College Station, TX) and MetaDiSc version 1.1.1
(Zamora ], Muriel A, Abraira V, Madrid, Spain).

Results

Our literature search identified 42 studies that en-
rolled 34,513 patients (2,4,6-9,11,12,32-65). One study
was excluded because of inconsistencies in the pre-
sented data (58). Two studies were excluded in which
the modified Mallampati test was assessed as part of a
more comprehensive risk score (53,57) but data for the
modified Mallampati test component were unavail-
able. The characteristics of the included studies are
summarized in Tables 2 and 3. There were no studies
in children.

The quality of the studies was assessed according to
the method of patient recruitment and blinding of the
Mallampati tests and reference tests results among anes-
thesiologists. Patients were recruited consecutively in 19
studies (2,4,6,8,34,35,40-44,46,47,49,50,52,59,60,62). Con-
stantikes (39) took a convenient sample of 30 pa-
tients. Blinding was reported in 10 studies
(7,11,35,38,46,48-50,52,53). Both consecutive patient
recruitment and blinding occurred in 5 studies
(35,46,49,50,52).

There was poor documentation about how the Mal-
lampati tests were done with regard to body and head
positions and the use of phonation. Nine studies had
adequate  description of all three aspects
(4,7,43,51,53,56,57,64,65). Phonation during the Mal-
lampati test was described in six studies
(33,39,42,44,53,65). The modified Mallampati test was
performed in Asian patients in eight studies
(8,11,12,46,55,56,59,64). The modified Mallampati test
was used in obstetric patients in five studies
(7,11,43,46,59). In two studies (11,59) separate data of
test characteristics were given for obstetric and gyne-
cological patients. As there was a discrepancy be-
tween the abstract and text in the proportion of ob-
stetric and non-obstetric patients in one study (52), it
was excluded from meta-regression analyses.

Difficult Laryngoscopy

All studies used Cormack and Lehane’s original
classification for defining difficult laryngoscopy ex-
cept one study (55) that used the modified five-grade
score (21).

The original Mallampati test was used in 9 studies
with 14,438 patients (Table 2). The prevalence of dif-
ficult laryngoscopy ranged from 6% to 27%. There was
a high prevalence of difficult laryngoscopy in patients
with cervical disease (36) and in patients with diabetes
(40). In one study, the authors attributed the high
prevalence of difficult laryngoscopy to the use of the
McCoy laryngoscope (37). The sensitivity and speci-
ficity of the individual studies ranged from 0.05 to 1.00
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Table 2. Prospective Studies of Original Mallampati Test with Three Reference Tests for Difficult Airway

Prevalence
of
difficult
airway
according
Age to
mean  reference True  False  False True Positive  Negative
Patients Women, (range) standard positive positive negative Negative Sensi- Speci- Likihood Likelihood
Study (n) (%) (yr (%) (n) (n) (n) n) tivity icity Ratio Ratio

Difficult laryngoscopy

Bilgin et al., 500 51 46 (16-80) 9 39 12 7 442 0.85 0.97 32.08 0.16
1998 (32)

Calder et al., 251 51 54(8-84) 20 29 8 2 192 057 096 14.22 0.45
1995 (36)

Cohen et al,, 663 NS NS (18-88) 6 21 55 29 558 042 0.91 4.68 0.64
1992 (33)

Constantikes, 30 NS NS (18-NS) 7 2 8 0 20 1.00 0.71 2.84 0.24
1993 (39)

El—(l}anzouré (;t 10507 NS NS (18-NS) 6 287 1080 355 8785 0.45 0.89 4.08 0.62
al., 1996 (6

Nadal et al., 83 64 53 (18-NS) 27 1 1 21 60 0.05 0.98 2.77 0.97
1998 (40)

Randell et al., 100 38 48 (NS) 20 3 7 17 73 0.15 091 1.71 0.93
1998 (37)

Ts? et) al, 1995 471 53 NS (19-89) 13 41 145 21 264 0.66 0.65 1.87 0.53
35

Voyagis et al., 1833 NS NS 8 134 227 18 1454 0.88 0.87 6.53 0.14
1998 (34)

Difficult intubation

Bilgin et al., 500 51 46 (16-80) 8 17 34 23 426 0.43 0.93 5.75 0.62
1998 (32)

Cohen et al., 663 NS NS(18-88) 11 25 51 49 538 034 091 3.90 073
1992 (33)

El—(l}anzouré (;t 10507 NS NS (18-NS) 6 287 1080 355 8785 0.45 0.89 4.08 0.62
al., 1996 (6

Mallampati et 210 78 39 (18-82) 13 14 1 14 181 0.50 1.00 91.0 0.50
al., 1985 (2)

Ts? et) al, 1995 471 53 NS (19-89) 13 41 145 21 264 0.66 0.65 1.87 0.53
35

Difficult ventilation

El-Ganzouri et 10507 NS NS (I18NS) 0.1 3 1364 5 9135 0.38 0.87 2.89 0.72

al., 1996 (6)

NS = not specified.

and 0.65 to 0.98, respectively (Table 2). The positive
and negative likelihood ratios of the 9 studies ranged
from 1.71 to 32.08 and 0.14 to 0.97, respectively (Table
2). As there was an apparent relationship between
sensitivity and specificity (Spearman r = 0.45), a sSROC
curve was constructed (Fig. 1). The area (* sE) under
the symmetrical sSROC curve was 0.89 (0.05). Consid-
ering the threshold effect, the diagnostic odds ratio
(DOR) was 19.57 (95% CI, 5.02 to 76.27). The summary
estimate for sensitivity was 0.71 derived from equa-
tion (2) for the sSROC curve at the summary specificity
of 0.89. Hence, the summary positive and negative
likelihood ratios were 6.45 and 0.33, respectively.
Blinding (relative DOR) (rDOR) 0.49; 95% confidence
interval [CI], 0.02 to 12.72) and phonation (rDOR 0.11,
95% CI, 0.00 to 5.47) did not change the diagnostic
performance of the original Mallampati test for pre-
dicting difficult laryngoscopy. There was no evidence
of publication bias being present in this meta-analysis
(t =119, P = 0.27).

The modified Mallampati tests (3,4) were used in 19
studies with 10,579 patients (Table 3). There was wide
variability in the prevalence of difficult laryngoscopy,
which ranged from 2% to 26% (Table 2). The highest
prevalence was in acromegaly patients (51). The sen-
sitivity and specificity of the individual studies ranged
from 0.12 to 1.00 and 0.44 to 0.98, respectively (Table
2). There was an association between sensitivity and
specificity (Spearman’s r = 0.32). The area (* SE)
under the symmetrical sSROC curve (Fig. 2) was 0.78
(0.05). Considering the threshold effect, the DOR was
6.45 (95% CI, 2.73 to 15.22). The summary estimate for
sensitivity was 0.55 and the summary specificity was
0.84. The summary positive and negative likelihood
ratios were 3.44 and 0.54, respectively. There was no
significant difference in the areas under the sROC
curve between the original and modified versions of
the Mallampati test (z = 1.56; P = 0.12). Publication
bias was not evident in the meta-analysis of 19 studies
for difficult laryngoscopy (t = —0.57; P = 0.57).
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Table 3. Prospective Studies of Modified Mallampati Test with Three Reference Tests for Difficult Airway

Prevalence
of difficult
airway True False False True Positive Negative
Age mean according to posi- posi- nega- nega- Liki- Likeli-

Study, Year Patients Women, g'an e) reference tive tive tive tive Sensi- Speci- hood hood

(Reference) (n) (%) (yr standard (%) (n) (n) (n) (n)  tivity ficity = Ratio Ratio
Difficult laryngoscopy
Adnet et al., 2001 (41) 1171 57 NS (15-90) 9 25 53 80 1013 0.24 0.95 4.79 0.80
Bo&az%gard et al., 2004 320 88 NS (18-NS) 10 9 6 23 282  0.28 0.98 13.50 0.73
Brc()f:)l(y et al., 2002 100 78 44 (NS) 9 5 28 4 63  0.56 0.69 1.81 0.64
Butler et al., 1992 (12) 220 61 NS (16-80) 8 10 38 8 164 0.56 0.81 2.95 0.55
Ca(t;z)mo et al., 2004 1956 NS NS (18-NS) 2 15 182 28 1731 0.35 0.91 3.67 0.72
Co&sgt)antikes, 1993 30 NS NS (18-NS) 7 2 15 0 13 1.00 0.46 1.56 0.36
Ezri et al., 2001 (4) 764 48 44 (18-NS) 11 68 196 13 487  0.84 0.71 293 0.23
Ezri et al., 2003 (60) 1472 49 NS (18-NS) 10 116 354 36 966 0.76 0.73 2.85 0.32
Ezri et al., 2003 (61) 50 58 NS (NS) 18 3 6 6 35 033 0.85 2.28 0.78
Ezri et al., 2003 (62) 644 43 NS (40-NS) 7 11 208 32 393  0.26 0.65 0.74 1.14
Ge(r?fg)k et al., 2003 500 63 NS (NS) 5 3 14 22 461  0.12 0.97 4.07 0.91
Gupta et al., 2003 (46) 372 100 25 (16-37) 7 15 8§ 10 339  0.60 0.98 26.03 0.41
Ita et al., 1994 (45) 57 68 31 (NS) 5 2 2 1 52 0.67 096 18.00 0.35
Koh et al., 2002 (55) 605 56 NS (16-NS) 5 14 45 17 529 045 0.92 5.76 0.60
Merah et al., 2004 (43) 80 100 31 (NS) 10 7 3 1 69 0.88 0.96 21.00 0.13
Rocke et al., 1992 (7) 1500 100 26 (NS) 2 16 381 11 1092 0.59 0.74 2.29 0.55
sClEéIll;tt et al., 2000 128 53 46 (19-78) 26 25 53 8 42 0.76 0.44 1.36 0.55
Vani et al., 2000 (64) 50 56 57 (18-NS) 16 1 4 7 38 013 0.91 1.31 0.97
Yeo et al., 1992 (59) 560 100 NS (15-69) 2 3 25 8 524 027 095 5.99 0.76
Difficult intubation
Adnet et al., 2001 (41) 1171 57 NS (15-90) 8 24 54 66 1027 027 095 5.34 0.77
Arne et al., 1998 (47) 1200 NS NS (15-NS) 4 39 168 11 982  0.78 0.85 5.34 0.26
Ayuso et al., 2003 (50) 181 26 54 (NS) 30 29 26 25 101 054 0.80 2.62 0.58
Bo&az%gard et al., 2004 320 88 NS (18-NS) 5 7 8 10 295 041 0.97 15.60 0.60
Brc(f:)ky et al., 2002 100 78 44 (NS) 12 7 26 5 62  0.58 0.71 1.97 0.59
Cattano et al., 2004 (9) 1956 NS NS (18-NS) 3 28 169 28 1731 0.50 091 5.62 0.55
Frerk et al., 1991 (54) 244 41 44 (18-82) 5 9 43 2 190 0.82 0.82 443 0.22
Ge(ré:g)k et al., 2003 500 63 NS (NS) 7 2 15 31 452 0.06 0.97 1.89 0.97
Gupta et al., 2003 (46) 372 100 25 (16-37) 7 15 8 9 340 0.63 0.98 27.19 0.38
Iohom et al., 2003 (48) 212 49 NS (18-NS) 9 8 22 12 170 040 0.89 3.49 0.68
Ita et al., 1994 (45) 57 68 31 (NS) 2 0 4 1 52 0 0.93 3.17 0.81
Juvin et al., 2003 (63) 263 72 NS (18-79) 9 20 75 3 165 087  0.69 2.78 0.19
Kaul et al., (56) 500 42 36 (18-87) 8 31 24 11 434 0.74 0.95 14.09 0.28
Khan et al., 2003 (49) 300 NS NS (16-NS) 6 14 94 3 189  0.82 0.67 248 0.26
Merah et al., 2004 (43) 80 100 31 (NS) 10 7 3 1 69 0.88 0.96 21.00 0.13
Rocke et al., 1992 (7) 1500 100 26 (NS) 2 19 378 13 1090  0.59 0.74 2.31 0.55
Savva, 1994 (52) 350 57 NS (18-81) 5 11 113 6 220  0.65 0.66 1.91 0.53
Wong et al., 1999 (11) 411 100 NS (NS) 2 6 150 1 254  0.86 0.63 2.29 0.23
Yangamoto etal, 1997 3680 49 52 (NS) 2 38 1723 18 1901  0.68 0.53 1.43 0.61
Yeo et al., 1992 (59) 560 100 NS (15-69) 2 3 25 8 524 027 095 5.99 0.76
Difficult ventilation
Ca(t;?no et al., 2004 1956 NS NS (18-NS) 2 15 179 32 1703 0.32 091 3.36 0.75
Lan6g5eron et al., 2000 1502 55 NS (18-NS) 5 17 186 58 1241 023 0.87 1.74 0.89

NS = not specified.

Blinding (rDOR 1.49; 95% CI, 0.22 to 10.31) and  Also, there were no differences in diagnostic test per-
phonation (rDOR 0.86; 95% CI, 0.13 to 5.76) did not  formance between studies of Asian and Caucasian
change the diagnostic performance of the modified  patients (rDOR 1.09; 95% CI, 0.21 to 5.64). However,
Mallampati test for predicting difficult laryngoscopy.  on meta-regression, the modified Mallampati test was
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Figure 1. Summary receiver operating characteristic curve of the
original Mallampati test for predicting difficult laryngoscopy. Each
circle represents the results of a single study. The summary esti-
mates of sensitivity and specificity are 0.71 and 0.89, respectively.

5.08 (95% CI, 1.26 to 20.58; P = 0.03) times more
accurate in studies of obstetric patients than in studies
in surgical patients.

Difficult Tracheal Intubation

There was wide variation in the definition of difficult
tracheal intubation. Many studies (6,8,11,35,43,49,56,59)
used the original Cormack and Lehane definition (20).
Three studies (41,42,63) defined difficult tracheal intu-
bation as a score >5 on the Intubation Difficulty Score
described by Adnet et al. (41). This scoring system
incorporates the number of attempts, number of ad-
ditional operators, number of alternative intubation
techniques, Cormack and Lehane grade, lifting
force, laryngeal pressure, and vocal cord mobility.
Two studies (7,46) in obstetric patients used Rocke
et al’s classification (7) for defining difficult tra-
cheal intubation.

The original Mallampati test (2) was used to predict
difficult tracheal intubation in 5 studies enrolling
12,351 patients (Table 2). The prevalence of difficult
tracheal intubation ranged from 6% to 13%. There
were low sensitivities (0.34 to 0.66) and varying spec-
ificities (0.65 to 1.00). The positive likelihood ratios
varied from 1.87 to 91.0; negative likelihood ratios
varied from 0.50 to 0.73. There was an association
between sensitivity and specificity (Spearman’s r =
0.30). As the DOR was not constant across the thresh-
old (b = —0.71; 95% CI, —1.21 to —0.21), the sROC
curve was asymmetrical (Fig. 3). The area (= sE) under
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Figure 2. Summary receiver operating characteristic curve of the
modified Mallampati test for predicting difficult laryngoscopy. The
summary estimates of sensitivity and specificity are 0.55 and 0.84,
respectively.

the asymmetrical sSROC was 0.58 (0.12). The summary
estimate for the sensitivity was 0.50 derived from the
equation (3) for the sROC curve at the summary spec-
ificity of 0.89. Phonation during the test (fDOR 0.27;
95% CI, 0.00 to 15.55) and blinding (rDOR 15.65; 95%
CI, 0.14 to 1784.76) did not appear to affect the overall
accuracy of the test. There was no evidence of publi-
cation bias being present in the studies pooled (t =
—0.39, P = 0.72).

Twenty studies enrolling 13,957 patients (Table 3)
examined the use of the modified Mallampati (3,4)
test for predicting difficult tracheal intubation. The
prevalence of difficult tracheal intubation ranged
from 2% to 30% (Table 3). The high prevalence of
difficult tracheal intubation (30%) occurred in pa-
tients with pharyngolaryngeal disease (50). The sen-
sitivities ranged from 0 to 0.88 and the specificities
ranged from 0.53 to 0.98 (Table 3). The positive
likelihood ratios varied 1.43 to 27.19; negative like-
lihood ratios varied from 0.13 to 0.97 (Table 3).
There was a correlation between sensitivity and
specificity (Spearman’s r = 0.47). The area (* SE)
under the symmetrical sSROC (Fig. 4) was 0.83 (0.03).
Considering the threshold effect, the DOR was 10.43
(95% CI, 5.32 to 20.48). The summary estimate for
sensitivity was 0.76 when the summary specificity
was 0.77. Hence, the summary positive and negative
likelihood ratios were 3.30 and 0.31, respectively.
The modified Mallampati test was better at identi-
fying difficult tracheal intubation than the original
Mallampati test (z = 2.02; P = 0.04). There was
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Figure 3. Summary receiver operating characteristic curve of the
original Mallampati test for predicting difficult tracheal intubation.
Each circle represents the results of a single study. The summary
estimates of sensitivity and specificity are 0.50 and 0.89,
respectively.

no evidence of publication bias in the 20 studies
pooled for difficult tracheal intubation (t = 0.89; P =
0.39).

Blinding (rDOR 0.52; 95% CI, 0.17 to 1.65), phona-
tion (rDOR 0.94; 95% CI, 0.13 to 6.69), and studies of
Asian patients (rDOR 1.65; 95% CI; 0.44 to 6.24) did
not change the diagnostic performance of the modi-
fied Mallampati test for predicting difficult tracheal
intubation. The difference between obstetric patients
and non-obstetric patients in the accuracy of the mod-
ified test for predicting difficult tracheal intubation
was not significant (rDOR 2.69; 95% CI, 0.81 to 8.88,
P = 0.10).

No failed intubation occurred in 12 studies
(4,12,31,34,39-41,46-48,50,62). When failed intuba-
tion occurred, the prevalence varied from 0.1% (7) to
3.8% (57).

Difficult Ventilation

Three studies recorded difficult ventilation (6,9,65).
Definitions varied and included inability to obtain
chest excursion sufficient to maintain a clinically ac-
ceptable capnogram waveform despite optimal head
and neck positioning, use of muscle paralysis, use of
an oral airway, and optimal application of a facemask
(6). In another study (65), ventilation via a mask was
considered difficult only when the anesthesiologist
considered that the difficulty was clinically relevant
and could have led to problems if mask ventilation
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Figure 4. Summary receiver operating characteristic curve of the
modified Mallampati test for predicting difficult tracheal intubation.
The summary estimates of sensitivity and specificity are 0.76 and
0.77, respectively.

had to be maintained for a longer time. Bag-mask
ventilation was considered difficult if one or more of
the following factors were present: inability to main-
tain an adequate seal; inability to obtain chest excur-
sion, obtain a good capnograph tracing, or maintain
oxygen saturation more than 90% despite good muscle
relaxation; the necessity of using a Guedel oral airway;
or two-person bag-mask ventilation (9). The sensitiv-
ity, specificity, and positive and negative likelihood
ratios are shown in Tables 2 and 3 for this outcome.
Pooled sensitivity and specificity of the modified Mal-
lampati test (3) were 0.26 (95% CI, 0.19 to 0.35) and
0.89 (95% CI, 0.88 to 0.90), respectively (9,65). There
was little heterogeneity between the two studies for
sensitivity (I = 21%). However, there was substantial
heterogeneity for specificity (I = 90%). The positive
and negative likelihood ratios were 2.42 (95% CI, 1.25
to 4.66) and 0.83 (95% CI, 0.71 to 0.98), respectively,
suggesting poor accuracy. There were moderate
amounts of heterogeneity among studies for positive
and negative likelihood ratios (I° = 78% and 52%
respectively).

To put the results of this systematic review in a
clinical context, readers can estimate the post-test
probability of a difficult airway after an examination
of the airway using the modified Mallampati test ac-
cording to the prevalence of difficult airway in their
population (Fig. 5). The range of pre-test probabilities
reflects the range of prevalence reported in this sys-
tematic review. If the pre-test probability of difficult
airway is 10%, a positive test generates a post-test
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Figure 5. Post-test probability of difficult laryngoscopy and difficult
tracheal intubation after using the modified Mallampati test. Post-
test probabilities are shown as a function of pretest probability for
positive (Grade III or IV) and negative results (Grade 0, I or II) on
the modified Mallampati test.

probability of difficult laryngoscopy of 28% and diffi-
cult intubation of 27%; a negative test generates a
post-test probability of difficult laryngoscopy of 6%
and difficult intubation of 3%.

Discussion

This systematic review of the literature identified
many studies describing the performance of the orig-
inal (2) and modified (3,4) Mallampati tests to predict
the difficult airway. There was substantial variability
in the reported sensitivity and specificity among the
studies and in definitions of the reference tests. Unlike
meta-analysis of interventions, which produces one
answer, the performance of diagnostic tests is affected
by changes in sensitivity and specificity as reflected in
the sSROC curves (Figs. 1 to 4). Thus, there is no unique
joint summary estimate of sensitivity and specificity; it
is only possible to obtain a summary estimate of one
value conditional on the value of the other (66). Over-
all, the accuracy of the Mallampati tests was poor to
good, depending on the version of the test and refer-
ence test used. Our results are not directly comparable
to a recent meta-analysis of bedside screening test for
predicting difficult intubation (67). In Shiga et al.’s
meta-analysis (67), there was no distinction made be-
tween the various versions of the Mallampati test or
between difficult laryngoscopy and difficult intuba-
tion, a major limitation of their study. Nevertheless,
they concluded that the Mallampati test’s clinical
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value of a bedside screening test was limited as it had
poor to moderate discriminative power when used
alone. Our results concur with this view.

Both versions of the Mallampati test had good ac-
curacy for identifying difficult laryngoscopy as as-
sessed according to the original and modified Cor-
mack and Lehane grading system. This system is
widely used in clinical practice to describe the best
view obtained by direct laryngoscopy with or without
manipulation of the larynx. However, there is consid-
erable uncertainty and inaccuracy in this grading sys-
tem, especially between grade 2 and grade 3 (68). The
incidence of difficult laryngoscopy may be underesti-
mated, as most of the studies used the original Cor-
mack and Lehane grading system. Approximately 3%
(55) to 7% (21) of patients graded 2b, who would
otherwise have been rated grade 2 in the original
system, will have a high risk of difficult laryngoscopy.
Such misclassification may affect the overall test per-
formance of the Mallampati tests. Many studies used
the same Cormack and Lehane grading system to
define both difficult laryngoscopy and difficult intu-
bation. Although difficult intubation is the end result
of difficult laryngoscopy, the former also depends on
the operator’s experience, patient characteristics, and
clinical setting.

The recommended best way to perform the Mallam-
pati test for predicting difficult laryngoscopy is put-
ting the patient in a sitting position, with the head in
full extension, the tongue out, and with phonation
(53). However, many studies did not specifically doc-
ument the way the Mallampati test was performed.
Therefore, variations in the conduct of Mallampati
tests may contribute to some of the heterogeneity of
results seen in this systematic review. Unexpectedly,
phonation did not influence the overall accuracy of the
Mallampati tests.

There was a large variation among studies in the
definition of difficult tracheal intubation. There is no
current consensus on the definition of difficult tra-
cheal intubation. Therefore, we used the definition
from each study to establish an operational reference
standard reflecting current clinical practice. The dif-
ferent definitions of difficult tracheal intubation may
explain, in part, the heterogeneity of results in the
sROC curves. For predicting difficult tracheal intuba-
tion, the original Mallampati test had very poor accu-
racy. Four of the five studies had sensitivities <50%.
Small increases in sensitivity led to large sacrifices in
specificity. The asymmetrical sSROC curve suggests
that accuracy was dependent on threshold. The lowest
accuracy occurred when the threshold was high. This
may be related to the quality of study. The lowest
accuracy occurred in a study with the least amount of
reviewer and patient selection bias (35). In contrast,
the modified Mallampati test had good accuracy for
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predicting difficult tracheal intubation and was signif-
icantly better than the original test. The discrepancy in
results between the two versions of the Mallampati
test may be related to the definition of difficult tra-
cheal intubation used and difference in the study
populations.

The accuracy of the modified Mallampati test for
predicting difficult laryngoscopy was five times
higher in obstetric patients than in non-obstetric
patients, although for predicting difficult tracheal
intubation, the difference was not significant. This is
consistent with studies that showed that pregnancy
caused a 34% increase in Mallampati grade 4 (10)
and that the risk of difficult intubation in obstetric
patients was approximately 8 times more than in
surgical patients (3). More difficult laryngoscopy in
obstetric patients most likely occurs because of fa-
cial and pharyngeal edema secondary to hormon-
ally induced fluid retention (69). These results sug-
gest that the Mallampati tests are probably better at
predicting difficult laryngoscopy associated with
soft tissue changes compared with other anatomical
factors.

We found little evidence of ethnic differences in the
accuracy of modified Mallampati tests for difficult
laryngoscopy and difficult intubation, despite known
cephalometric differences among ethnic populations
(70).

In a recent editorial, Murphy et al. (71) suggested
that we should focus on “ventilatability” rather than
“intubatability.” The accuracy of the Mallampati tests
for predicting difficult mask ventilation was poor, but
this was based on only three studies. Therefore, these
results should be interpreted with caution. For pre-
dicting difficult mask ventilation, the presence of 2 of
5 factors (age older than 55 years, body mass index
>26 kg/ m?, lack of teeth, presence of beard, and his-
tory of snoring) was associated with good accuracy
(area under the curve 0.76 = 0.11) (65). As expected,
there was a strong association between difficult tra-
cheal intubation and difficult mask ventilation (65).

Systematic review and meta-analysis are considered
to provide the least biased estimates of effect but if the
“raw material” is flawed, then the conclusions of sys-
tematic reviews will be compromised and invalid (66).
The quality of reporting varied among studies; only a
few studies described study methodology and Mal-
lampati test assessments in adequate detail. We as-
sumed that the quality of the study was inadequate if
it was clearly stated that there were deficiencies in
design and conduct. Omission of reporting specific
details of a study was associated with systematic dif-
ferences in results (72). Of the 42 studies included in
this systematic review, only 5 studies recruited pa-
tients consecutively with test results blinded among
anesthesiologists. This suggests that the majority of
studies included in this systematic review may have
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less than adequate study methodology. Future studies
of tests for identifying difficult airway should adopt
the Standards for Reporting of Diagnostic Accuracy
guidelines (73). This would allow readers to assess the
potential for bias in the study and to evaluate the
generalizability of study results.

Interpreting the reference test with knowledge of
the results of the test under study can lead to an
over-estimation of a test’s accuracy (72). This is known
as review bias. Unblinded studies tend to overesti-
mate the diagnostic test accuracy by 1.3 times (95% ClI,
1.0 to 1.9) (72). However, we did not find a significant
effect of blinding on the Mallampati tests’ accuracy.
We also minimized spectrum bias (study sample does
not include the complete spectrum of patient charac-
teristics) by excluding case-control studies from the
systematic review. Diagnostic accuracy can be overes-
timated by 3 times (95% CI, 2.0 to 4.5) if the test is
evaluated in a group of patients already known to
have the disease and a separate group of normal pa-
tients, as in case-control studies (72).

Publication bias in meta-analyses of test accuracy is
highly prevalent (22). This type of bias is a threat to
the validity of meta-analysis as it can lead to inappro-
priate decision making and health care policies. We
undertook a comprehensive literature search using
several electronic databases. Although we restricted
our systematic review to include English language
studies, the inclusion of non-English language studies
would only increase the precision without affecting
the overall accuracy estimates. A previous study
showed no relationship between publication bias and
language restriction in reviews (22). We believe that
our results are robust, as publication bias was not
present.

As there were no pediatric studies, the results of
our systematic review are applicable only to adults.
There was a wide range of difficult airway preva-
lence, reflecting various patient characteristics, in-
cluding pregnancy (7,11,43,46,59), pharyngolaryn-
geal disease (50), acromegaly (51), and obesity
(44,61). As post-test probability depends on the dis-
ease prevalence, knowledge of the prevalence of
difficult laryngoscopy and difficult intubation at
any individual hospital will aid in the application of
our results (Fig. 5). The decision to perform addi-
tional radiographic evaluation, consultation
with other specialists or use special techniques/
equipment to manage difficult airways will depend
on how high the post-test probability is and, conse-
quently, at what level the treatment threshold is set
by the individual anesthesiologist.

The results of our systematic review question the
routine use of the Mallampati tests. Given the poor
to moderate inter-observer reliability of the modi-
fied Mallampati test (74,75) and the poor to good



1876  LEE ET AL.
SYSTEMATIC REVIEW OF THE MALLAMPATI TEST

accuracy of the Mallampati tests, should we aban-
don their use? To decide this, anesthesiologists
should balance the cost of failing to predict a diffi-
cult airway when there is a false negative result
versus the possibility of unnecessary treatment
when there is a false positive result. Used alone, the
Mallampati tests are insufficient to confidently pre-
dict the presence or absence of a difficult airway; we
believe they should form only a limited part of the
overall assessment of the airway. As recommended
by the American Society of Anesthesiologists Task
Force on the management of the difficult airway
(23), dentition, thyromental distance, and neck ex-
tension are other parts of the airway examination
that also need to be examined.

Appendix

The sROC curve method considers heterogeneity
across studies attributable to differences in the thresh-
old values used. Even if the same threshold has been
used, inter-observer differences in the Mallampati
grades (74,75) may lead to inherent variations in the
positive results cutoff. To confirm that there was a
threshold effect, the true-positive rate (TPR) and false-
positive rate (FPR) of each study were plotted against
each other, and the Spearman correlation coefficient
was calculated. In creating the sROC, the TPR and FPR
were converted to their logits, and the sum and dif-
ferences of the logits were estimated. Equally un-
weighted least squares linear regression of the follow-
ing model was performed:

D=a+bS (1)

where D = logit TPR —logit FPR, S = logit TPR + logit
FPR, a = intercept term, and b = regression coefficient
for S. D is equivalent to the diagnostic odds ratio
(DOR), which conveys the test’s accuracy in discrim-
inating diseased subjects from nondiseased subjects
(76). S can be interpreted as a measure of the diagnos-
tic test threshold, with high values corresponding to
liberal inclusion criteria for diseased subjects (76). The
regression coefficient b represents the dependence of
the test accuracy on threshold. If b =~ 0, then the
studies are homogeneous and can be summarized by
an overall DOR noting that a = In(DOR) (76), giving a
symmetrical sSROC. The studies are heterogeneous
with respect to the diagnostic odds ratio if b # 0 (76).
In this case, the sROC is asymmetrical. The DOR is
related to the area under the sSROC curve. A DOR of 1
is equivalent to an area under the sSROC curve of 50%;
the larger the DOR, the larger the area under the sSROC
curve. Ninety-five percent confidence intervals (95%
CI) were estimated around the DOR. The areas under
the sSROC curve of the original and modified Mallam-
pati test were compared using the method outlined by
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Hasselblad and Hedges (77). The resulting equations
below (equations 2 and 3) represent the logit form of
the sROC curve, from which a pooled estimate of TPR
and FPR can be obtained. The equation (66) of the
corresponding symmetrical sSROC curve is given by:

1
sensitivity = (2)

1
L+ o
1 - speczﬁczty)
specificity

The equation (26) of the corresponding asymmetri-
cal sROC curve is given by:

DORx (

sensitivity = 1

1 — specificity
specificity

1+

(1+b)/(1-b)
ea/(lb)x( )

®3)

Meta-regression was used to explore possible reasons
for heterogeneity with a priori subgroups, including
type of patient population (coded 1 = Asians, 0 =
Caucasians; 1 = obstetrics, 0 = non-obstetrics) and
phonation (coded 1 = yes, 0 = no) during the Mal-
lampati tests. This was done by extending the sROC
model introduced above (equation 1) to include a
covariate (27). The resulting parameter estimates of
the covariate can be interpreted, after antilogarithm
transformation, as the relative DOR (rDOR) (72) and
reflects the differences in threshold choice at different
levels of the covariate. Fitting a covariate to the model
does not result in a separate sSROC curve for each level
of the covariate, as the relationship between TPR and
FPR is reflected only in a (78).

The authors thank the authors of the original studies who re-
sponded to our requests for unpublished and additional data.
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