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Predicting Factors for Difficult Endotracheal Intubation:
A Prospective Study

Hae Keum Kil, M.D., Won Oak Kim, M.D., Jeong Yeon Hong, M.D.
Kyung Huh, M.D. and Yeon Jin Kim, M.D.

Department of Anesthesiology, Yonsei University College of Medicine Seoul, Korea

Background: Unexpected difficult intubation is probably the result of inadequate preoperative
examinations of the airway. The purpose of this study is to indicate that the oropharyngeal classification
(OPC) and several tests may be predict difficult intubation in Korean.

Methods: In each of 462 adults the OPC was determined in sitting position. In supine position,
hyomental distance (HD) and sternomental distance (SMD) with head in neutral, and thyromenal distance
(TD), SMD and inter-incisors distance (DI) on mouth opening with the head fully extended were
measured. The laryngoscopic grades were determined at the time of induction. We defined the cases
of intubation trials > 3 times in patients with laryngoscopic grade 3 and 4 as difficult intubation. The
datas were analyzed with Mann-Whimey and Kruskal-Wallis test.

Results: 14 patients had difficulty in intubating (3.03%) and 1 of 14 was failed to intubate (0.22
%). Assignment to either OPC = 3 and DI < 4.1 cm had relative high sensitivity, specificity and
negative predictive value (NPV) to predict difficult intubation. Of various combinations, OPC > 3 and
HD < 5.5 cm had high sensitivity, specificity, and NPV. When DI and HD < 4 ¢m were employed,
combination of OPC and HD/DI resulted in increasing sensitivity and positive predictive value (PPV).

Conclusions: Based on the results and performance indexes of patients in this study, we concluded
that assignment to OPC, DI and HD, consider either alone or combinations, be valuable tests to predict
difficult intubation before anesthesia in Korean. (Korean J Anesthesiol 1996; 31: 448 ~—456)

Key Words: Intubation, tracheal: difficult, laryngoscopic grades, oropharyngeal classification,
preoperative examination
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2) thEe $AE Y E ZulE FA BF o
% 5& FHH AXE g2 g9 wpg®H 24 4
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Fig. 1. Various Factors with Head in Neutral(a) and
Extension(b). (HD; hyomental distance DI; distance
between incisors. SMD-N; sternomental distance in neutral
position. SMD-E; sternomental distance in extension).
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Adsa HGAZHE FE Aol AR predictive value, NPV)E & +3tglom o] 7ZAES
AEE BFANUt o] FF wlHWE Samsoon® WL Aol I ZkE 8L cHAppendix).
Young” % Cormack?®} Lehane®2] R Zo) wigtiy)

%, §F 1S ATl #H3 xgHo FFo Tz a 2
gol o Hole -5, 57 e AFe] 4% =&
Hol AAL ¢ Helt A%, $F ME £54n D F 429048 2029 o2 209l A 53

Hole Hoolny SF IV $5/M=24E o Holt

[ x 1 A U Q o
el T8 W3 Ve 25 4ol oleiy 3% Table 1. Patients Distribution by Oropharyngeal Classifi-

2 AoEdl £ zAd dolAE FF UL Vo cation and Laryngeal Grades
Sobud 33 o4 57 ARl Y AVAES 3
Y 725 4ldto] o] AL A9 stk Laryngeal Oropharyngeal classification B
530l ulE RTE Zt2 Mann-Whitney test®} Grades [ I T v 3

oneway ANOVA (Kruskal-Wallis) test2 %A %] g]3}o3
FAsigln OPCo) RHok FEA} ol Uiy & | 106 65 19 190
Fol gaEe) Fgdgolt 7, A%, =x HD, DI, ! st 8 4216

11 31 21(10) 2(2) 54(12)
™D ul )3} A1 A 2 e o] x}o -
D % Fa Adguiolde] SMDS] Ao)(D-SMD) o 22)* 2(2)

Soll Qoi4 HolE Ul BAsgen ofF
Z H HuZol AHO o]z Alglel izl FHA R Total 218 140(2)  98(10) 6(2) 462(14)
# el g7 (sensitivity), §o] E(specificity), 4% (): the cases of difficult intubation. * 1 of 2 cases was

Zk(positive predictive value; PPV), 24 dl|Z Zk(negative tracheostomized.

Table 2. Mean Values of Factors in All Partients by Sex (Mean*S.E.)

Sex * HD(cm) DI(cm) TD(cm) SMD-N(cm)* SMD-E(cm)
Male 4.5+0.08 4.8+0.06 7.7+047 11.0+0.12 174+29

Female 4.9+0.06 4.5+0.05 7.7+0.08 9.5+0.12 13.1+0.15

*P<0.05 by t-test. HD; Hyomental distance. DI; Distance between upper and lower incisors. TD; Thyromental
distance. SMD-N; Stermnomental distance, head in neutral SMD-E; Sternomental distance, head in extension

Table 3. Mean Values of Factors by Oropharyngeal Classification (Mean+S.D.)

Class* Age(yrs) Wi(kg) Ht(cm) *DI(cm) D-SMD(cm) HD(cm) TD(cm)
I 43.2 63.0 164.2 4.8 3.6 4.8 7.5
(n=218) (14.9) (10.2) (13.4) (0.6) (1.3) (0.9) (1.0)
H 48.6 61.4 163.1 4.6 3.6 4.6 7.5
(n=140) (12.6) (9.6) (9.4) 0.7) (L.5) 0.7) (1.1)
It 522 63.6 162.9 4.4 33 4.6 7.3
(n=98) (13.7) (8.4) 7.3) (0.6) (1.2) 0.7) (0.9)
v 48.2 55.2 153.0 4.1 5.0 49 75
(n=6) (12.7) 4.7) (5.5) (0.6) 3.3 (1.0) (0.8)

* P < 0.05 by Kruskal-Wallis. Wt.; Body weight. Ht; height
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Table 4. Mean Values of Factors by Laryngeal Grades (Mean+S.D.)
Grade *Age (yrs) *DI(cm) D-SMD(cm) *HD(cm) *TD(cm)
I (n=190) 41.6 (13.3) 49 (0.7) 36 (1.4) 4.8 (0.8) 7.6 (0.8)
IT (n=216) 493 (13.2) 4.6 (0.6) 35 (1.4) 4.7 (0.8) 74 (1.0)
III (n=54) 54.0 (13.1) 4.4 (0.7) 3.9 (L.5) 4.1 (0.6) 6.9 (0.7)
IV (n=2) 66.1 (12.5) 38 (0.1) 1.9 (L.1) 3.7 (0.2) 5.6 (0.6)
* P<0.05 by Kruskal-Wallis & Multivariate test

Table 5. The Performances of Signs for Difficult Intubation

Signs Sensitivity Specificity PPV NPV
OPC = III 0.857 0.795 0.115 0.994
DI < 4.1 cm (4.0 cm) 0.714 (0.714) 0.931 (0.997) 0.109 (0.182) 0.991 (0.990)
HD< 5.5 cm (4.5 cm) 1.0 (0.857) 0.156 (0.953) 0.036 (0.1) 1.0 (0.994)

() : expected values of signs in Korean.

O HD s o)
D! 8 D-sMD

Group 1: cases of difficult intubation
Group 2: other cases

: . } jf}::

g 47 o
110 7
LGN | N

Group 1 Group 2

Fig. 2. The Differences of HD, DI, TD, and D-SMD.
(HD; hyomental distance DI; distance between incisors.
TD; thyromental distance D-SMD; difference of
sternomental distance in neutral and extension)

< Adsiglony 4oy 7|BWH Abte] ol sl
d(3.03%) olF 19goll4e A4 AR K (rerograde)
NAE Aslste] 71RAMNE ABsdck AN E 0.22%,
Table 1).

PPV: positive predictive value. NPV: negative predictive value

2) 164 ofdolld 704 Atele] tH4tslz} 4628 F
dztel ofzlell 9lol4le] HD, DI, TD, SMD-N g
SMD-ES] {7+ Table 29+ 721 HDS SMD-E
o glojAl= doiZbell F2ldt Xol & vERl L)

3) OPColl W& 7+ HeFol HFx|= Dioll el
A 2 BFT Fog Xl & Boov Ao Ay
57 Vol digsle AT 20 yhell A kot
5F 1A B 7R Aol gt odgel ubE =}t
o] & el WelrH(Table 3).

4) FFRs FFxEFEY 5L <49, DI, HD
g TDell Qleld 7 FF7F ol$ Fod XolE B
. tHTable 4).

5) Ardto] oWl #AET Holadd HAE
Zloll M= DIe} HDoll leid f-oj&t Aol vhelu]
A ck(Fig. 2).

6) OPC7} I o]AQl ofe-& Afftoll thgt ollF o]
FA G| ke dokor) 9= HolE7t 086
08002 ul2¥ Eol 83 dEHrz ALYs
A&E Vel cH(Table 5).

7) OPC® DI, HD, TDE & # &3l o8& 4l
& dlZsts Afol AodA AEHAE st ol
Hl3ll Eol®vl ko) TIZFEE 0.35004 0.86 A
o]l o|%F OPCS HDE 37l A&l 971 =l
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#E7} 744 Eob OPCSH HDSl Who| 4848 U
e}l cl(Table 7).
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Table 6. Performances of HD and DI in Predicting
Difficult Intubation by Values

Signs\Performances Sensitivity Specificity
< 37 0.429 0.951

38 0.571 0.929

39 0.571 0.901

DI * 40 0.714 0.819
4.1 0.714 0.737

42 0.714 0.796

< 43 0.429 0.682

44 0.571 0.648

HD * 45 0.857 0.953
4.6 0.857 0.500

5.0 0.857 0.273

5.5 1.000 0.156

* Values with relative higher sensitivity and specificity
than underlined reference values
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Table 7. The Performances of Signs in Combination of Factors

Combination of

signs Sensitivity Specificity PPV NPV
OPC, DI, HD, TD 0.357 0.968 0.263 0.980
OPC, DI, HD 0.571 0.942 0.235 0.986
OPC, DI 0.571 (0.714) 0.942 (0.946) 0.235 (0.353) 0.986 (0.991)
OPC, HD 0.857 (0.857) 0.838 (0.953) 0.129 (0.364) 0.995 (0.997)
OPC,TD 0.571 0.975 0.421 0.986

OPC > HII, DI < 41 cm, HD < 55 c¢cm, and TD < 7.0 cm.

HD < 45 cm, and TD < 7.0 cm

( ): values in cases of OPC > III, DI < 4 cm,
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BH ey Al 4tgte] Zosle AFHE 2UY
FE Qiok B =49 Adtol el oPCY gt
CohenE™ 9 PottecherS"¢] 79} 1 ulzls, Eol
%, SAdE% Sol nlRsAEul(Table 5) oleigh
Hog Eow FFAoA AFAET 7S OPCe
g A8se Ax FoE Aoz Yzh€c

BEFrHEEe AHAEE B W Y
Z9 ANAHA FITELRs YT Aol $37A
2ol 7§ OPCe FFAoloflAe AFHA e At
F9% FAE Jebiou A FRRARY A=
€ HoFE D-SMDel QoA E Fodt xel7t gl
Ko Abito] o fiEl g2 Sl AE Alo]
AL 9ol e Xold el Esllrk(Table
3).

£ 246 QoA Abito] oMUY AE ¥
7 HD, DI, TD ¥ D-SMDZ HD$} DIy At#to] &
ol FETS Aolo)l Foj3 o7t Qlo] HDs}
DI7} vl2d F2 AE7l FF ASE vehldch
OPCe} &7 &3] AMgx& HDe 349 az 9
FEE ARE Jehs 24 BEL 55 cm o
ste] B39 Ahdo] ofE g Aoz diFdm YAedl”
ol e Fal v A Eedle UF & 7IEAR
AAZI £ AT B¢ Ade] olHHY 14%0]
25 HD7} 5.5 cm o|st24 ofg{g 4rhg A%
T AT HEZAY UREE 1oAY |zt
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FAdllZgke] 0156, 0.03628 VT o} dl&7]2
22 47l HgslAl e ZAeg BYF 3.7 em
oAl 42 cm7tzl9] 7Zhztel Zrellale] mztEel o)
€ dlas] Hokgw 2913 45 cm o3tz 7|E S
£ Aol HAY Aoz P7E Y cKTable 6). Didl|
Ao A E 4.0 em o]5}9} 4.1 cm olslel B BT
= Zgtei} 40 cm od7l Holkst o7t Eti=ul
(Table 6) PottecherS*'e] ZAFollAE DI 4.1 cm o]3F
9l HD 5.5 cm ©o)8lA] I+ E7) 0.3 ofstz o) & 4
etz stglem DI 94| 71FE 40 cm olslz 3}
TR HAg Aoz Az 3F9Le AFee
vlal 717b 2ks F4e] A% Aolvh grow Fte]
W g2 el Zolz Qs Aol A

= 71EXNE 2tz HEsirlal Rt 9g He
2 ofAZI}

Hel & ARAY el gAATe 7189
HEAle Ael w3 B zA9 A3 1 FL2 q
AHE HAe Eshe Aoz dgiygr i
TD 7.0 cm o}8}?] 79 4fdto] ojedg ZRolgm o
sl gko v ¥(Benumofe] 79 6.0 cmolsh) E zA
o gloj4] chigl WFEAY dAHE THFRE sl
7% HD, DIgt ¢ folgt A48 & g Qdn
2 Jebde TDEEEgte. 2 7.0 em w]ghelwd o]
sto]d Zholl AAZM ] AFA LS Y& Hoz e
wk2ow o] Pottecher5'e] A}otE §As}c.

AP oA e 24 F dhoksle] #utA HE
7t AR, BolE, A% 94 Sz e &
F EA veld £ gloeng offe AN g
7] A% AL HEES Wiste HAsE Aol
Fttx FAE2 Qle}. Frerk'”E OPC IIo|u} 1vQl
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¢} Beol=7} zt7h 0.8129F 09782 Egkuhar dtod o)
T 7tAE HEE g FAdgon FakHel =4
o|H A ofedg Atgholl Wigk A7} e o Hz
oJete] Hygw wlzste AL HgsiA e
g Bold. B z=Ad4E OPC 7.0 cm ols}
TDE #88 2% okdolZzle] 04212 vz
< Holglo} HIZEE 05712 Ygton] TseS'”
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£A1 ol ArRe) dEAHREE 9] A EU%A

lo

10wy L » o

T FAPAFgT SAeISEghe] EA Ykon et
AFe =7 W FF JAE oA HFEE
OPCe} TDRlolE Ield <xbr} vf$ Wbz &g
oh Wilson8"2 AlF, A¥el %54, 3oty 2%
4 B sk} FE] F(rerognathism)2] Exf F& 4|
o FF TF 0dlA 274X My win A7) |
o4 A% Abdto] ot sl o] ALE
FAFgE o3Fs dAdh OaesE'S Wilsons"
9 APFL 249t Mallampai] EFoll iyt 4kt
o ojggel WAEE wad A 042 ugez
+ AT Zol7tk glleyt Wilson 59 HAWE
AZgcki slgdEull, Pottecher$¥s] thH4R 4
(multivariate analysis)el]A] OPC®} DIE # 83 7%
Ho 2% Wilson 59 ] 7tA 2% A48 He
St $A4% ATE e AL B ofw o9 P4
HE YA g ddsterls 45 43
of @eichn B ¥ A 243 Table 6ol4loh
2ol 2748 AEES YEY ASol oY B
OPCS} DIMth: OPCS HDE Wg% A% of 2o
UREE HAdwd o] A$ A4 FAdizge
0.1292 off-g- yo} 4ffe] AAZ o2 g E 2
t7le oo E Aoz Jeldd. 22 HDY 72
X & 4.0 cm o]s 2 slo] OPCS} W &AIA =A%
SEL Table 6oll4s} Zho] Hl2A ¥ BAE, &
olE, d4dF% 4 SAANETE Uetien o)
AXE 4.5 cm o|sle] HDS} 1T o]4Fe) OPCE w &
3= A7t 7hd S8 Aoz AzkEd. ol
Aoz 2ol HR¥H HEEe Wiehs AL ol
HEEo] FF77ste FFxFol ZHzto] ulEY
Hoz 2Zgg slod odikg F7) wEofl o] HEE
Eete] HAsle A9l B g HAsE A
FEo edd] NAETL FA Yehle Aoz ofA
Ak 22l ol 59 W& HANA Abgte] olei$a
2n A= A AAZ olele Azsl zaw
Gl Fkol vZH F Hog Hol o|% g 7}
AE =gsto] AAsE Aol falvtel Azt o]
AE Hlad §83 AAgoz H88 4 Qdx
A7t E£8 o]E9 ©WhE Hgol} WA wlz
E 52 430 dnjels Bolk g gXd=Es}
EU%oBZ ol5E HEHUS A5 7B 4bto)
A7 AsEizte A Cddelzle 4e Yol 4

a2 min
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