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Abstract 
The unpredictable nature of the out-of-hospital 

care environment poses unique challenges for 

active airway management techniques. This 

descriptive study was conducted in the heli- 

copter air medical transport (AM’T) environ- 

ment for a period of 32 months to determine 

whether initial direct airway visualization classi- 

fication may provide a useful tool to predict the 

difficulty of intubation. Data extracted from 

documented oral intubation attempts included 

initial airway visualization grade, number of at- 

tempts, final airway management method, and 

procedural complications. 

Oral intubation was attempted on 429 pa- 

tients Initial airway visualization grades were 

found with the following frequency for grades I 

through IV: 65.6%, 21.5%, 8.6%, and 5.4%, 

respectively. Similarly, the average number of 

attempts was 1.34, 1.65, 1.97, and 2.39, re- 

spectively. The serious complication rate was 

24%, 46%, 62%, and 65%, respectively. A 

statistically significant correlation (Spearman’s 

rho) was found between increasing grade and 

both the number of intubation attempts (0.52) 

and the number of complications (0.45). 

Initial visualization classification may serve as a 

useful indicator in the out-of-hospltal environ- 

ment to help anticipate the difficulty of intuba- 

tion and the need for early alternative airway 

management strategies. In this program, such 

classification is used to monitor airway man- 

agement skills. 

Introduction 
Active airway management is a common 
and important out-of-hospital care proce 
dure. Studies have shown that oral and 
nasal intubation and cricothyrotomy can 
be performed successfully and with few 
complications by out-of-hospital person- 
nel.f-6 All airways are not alike in the 
ease or difficulty with which they can be 
managed by intubation. Previous out-of- 
hospital studies have not provided any 
stratification based on how diicult a pa- 
tient% airway was to intubate. Initial in- 
spection may indicate the difficulty of in- 
tubation.7 Anatomical features, such as 
the short, obese neck, poor temporo- 
mandibular joint range of motion, and 
dental occlusion abnormalities, can in- 
crease the difhculty of intubation.8 

The out-of-hospital environment 
poses additional intubation challenges, 
such as bleeding, emesis, a need for cer- 
vical spine immobiition, the presence 
of cervical or facial trauma, lack of para- 
lytic or sedative agents in most cases, in- 
adequate lighting, and patient position- 
ing.4 Moreover, some factors that make 
an intubation dif6cult are not easily rec- 
ognized on initial inspection, such as the 
anterior location of the glottis and in- 
creased size and decreased mobility of 
the tongue.4.8 Furthermore, these fac- 
tors, which may be additive, are difficult 
to measure and quantify objectively in 
this environment and therefore have not 
been used as predictors of difficult out- 
of-hospital intubation. 

Each repeated intubation attempt 
leads to significant time delays; an in- 
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creased number of attempts also has been 
shown to lead to an increased number of 
complications.z An objective physical sign 
that could be used for rapid assessment of 
a patient’s airway on initiating advanced 
active airway management would be very 
helpful. Such a sign would enable the out- 
of-hospital provider to identify a difficult 
airway, and thus a low success rate of in- 
tubation, at the onset of the procedure 
and so encourage swifter transition to an 
esophageal-tracheal double lumen airway 
(Combitube’“), cricothyrotomy, or rapid 
transport with basic airway management. 

A direct laryngoscopy classification 
system proposed by Cormack and 
Lehaneg has been described as a means 
to objectively assess the difficult air- 
way.loJ1 That system classities the airway 
into four grades based on the best view of 
the glottis during direct laryngoscopy (the 
quick look), as shown in Figure 1. This 
classification only categorizes the diffr- 
culty of laryngoscopy, not intubation. 
Although the ease of intubation highly de 
pends on an adequate view from direct 
laryngoscopy, it also depends on other 
factors, such as the intubator’s skill and 
the patient3 position and level of respon- 
siveness. However, this airway classitica- 
tion system has never been shown to cor- 
relate with the diiculty of intubation in 
the out-of-hospital care environment. 

This study establishes the incidence 
of difficult intubations and success and 
complication rates based on airway grade 
in an air medical, out-of-hospital care en- 
vironment. The study further will show 
that the classification system proposed 
by Cormak and Lehanes can serve as a 
useful indicator to anticipate the difficult 
intubation in the AMT environment. 

Methods 
The setting for this study was Life 
Flight-San Diego, an AMT service 
staffed with paramedics, nurses, and 
emergency medicine resident flight 
physicians, all of whom are highly 
trained in airway management skills. The 
airway management training of the Life 
Plight air medical personnel (AMP) con- 
sists of quarterly cadaver laboratory 
training, anesthesia intubations, and 
mannequin practice. All AMP are trained 
in advanced cardiac life support, pedi- 
atric advanced life support, and advanced 
trauma life support. A continuous quality 
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Number (Percentage) of lntubations 
by Grade and Ahway Type 

AIRWAY TYPE 

Nasal 

1 (0.4%) 
1 (1.1%) 
0 (0.0%) 
2 (8.7%) 

4 (0.9%) -~~ ______ 

cric No airway Total 

1 (0.4%) 1 (0.4%) 277 (64.6%) 
0 (0.0%) 1 (1.1%) 92 (21.4%) 
3 (8.1%) 2 (5.4%) 37 (8.6%) 
8 (34.8%) 3 (13.0%) 23 (5.4%) 

12 (2.8%) 7 (1 .S%) 429 (100%) 

Grade I Grade II 

Glottis, including anterior and Glottis can be partly exposed 
posterior commissures, can (Anterior commissure not vi- 
be fully exposed. sualized). 

Grade Ill 

Glottis cannot be exposed 
(only comiculate cartilages 
visualized). 

Grade IV 

Glottis, including corniculate 
cartilages, cannot be exposed. 

improvement program was in place for 
monitoring advanced procedures. 

The airway management protocol en- 
couraged AMP to perform rapid se- 
quence oral intubation in patients with 
head injuries.12 All personnel practiced 
under standardized policies and proce- 
dures approved by the medical director. 
The indications for oral intubation were: 

l Patients with potential or actual air- 
way compromise as a result of de- 
pressed sensorium (Glascow coma 
score of 8 or less) or whose combat- 
iveness threatened the airway, spinal 
cord stability, or transport safety 

l Patients who demonstrated a high 

probability of airway compromise 
during or before transport (i.e., 
smoke inhalation, severe facial 
trauma with bleeding) 

9 Patients who needed ventilatory as- 
sistance, airway protection, or hy- 
perventilation therapyI 

Nasal intubation was permitted in 
cases of respiratory distress, dicult oral 
intubation, situations precluding rapid se 
quence intubation, and situations in 
which multiple patients required ad- 
vanced procedures.13 The AMP per- 
formed cricothyrotomy when control of 
the airway could not be established 
through standard intubation methods.13 

47 



Average Number 
of Oral and Nasal Attempts per Patient 

AIRWAY TYPE 

foci 

l No grade II cricothyroidotomies were performed. 
** No grade 111 nasal intubations were perfomed. 

Number of Complications 

Complication (n = 277) 
Unrecognized esophageal 1 
Recognized esophageal 25 
Unrecognized mainstem 1 
Recognized mainstem 16 
Stricture 2 
byngospasm 5 
Arrythmias 1 
Vomiting 14 
Epistaxis 1 
Broken teeth 1 

ORAL GRADE 

I II Ill IV I 
(n = 92) (n = 37) 

0 0 
16 15 

2 0 
4 0 
0 1 
5 2 
1 0 
a 4 
4 0 
2 1 

(n = 231 Total 
0 1 

11 67 
0 3 
2 22 
0 3 
1 13 
0 2 
1 27 
0 5 
0 4 

Total (rate %) 67 (24%) 42 (46%) 23 (62%) 15 (65%) 147 (34%) 

No explicit protocol was used to decide 
when oral intubation had failed and the 
crew should proceed to cricothyrotomy; 
rather, this decision was left to the clini- 
cal judgment and experience of the AMP. 
The Combitubela was not used, and al- 
though an esophageal obturator airway 
was available, it was never used during 
this study. 

During the study period, 4563 patients 
were cared for by AMP. Approximately 
95% of the flights were for trauma patients 
transported from the scene. Intubation 
was attempted on 429 patients. Table 1 
outlines the number and percentage of in- 
tubations by grade and airway type. The 
data documented 277 (64.6%) grade I air- 
ways, 92 (21.4%) grade II airways, 37 
(8.6%) grade III airways, and 23 (5.4%) 
grade IV airways. The success rate-de 
fined as either the successful placement 
of an oral airway or the successful place 
ment of a nasal endotracheal tube after 
multiple failed oral attempts-by airway 
grade was 99.3% (grade I), 98.9% (grade 
II), 86.5% (grade III), and 52.2% (grade 
IV). The contidence intervals (CIs) were 
98% to 109% (grade I), 97% to 100% (grade 
Il),76%to97%&radeIII),and32%to73% 
(grade IV). 

As of January 1991, Life Flight AMP 
were required to document the “quick 
look,” the visualization grade on all intuba- 
tion attempts. For the purpose of this 
study, the first visualiiation grade was 
used, although an improved visualization 
grade found by a subsequent intubator 
also was noted. AMP were educated on 
the grading system in a Zhour session in 
addition to a cadaver laboratory exercise. 
Recurrent education was conducted 
yearly. Compliance was monitored 
through a quality improvement program 
that included standardized procedure doc- 
umentation with visualization grade. No 
policy changes with respect to intubation 
procedures were made during the study. 

The cricothyrotomy rate by grade was 
0.4% (l/277) for grade I, 0% (O/92) for 
grade II, 8.1% (3/37) for grade III, and 
34.8% (8/23), for grade IV airways. The 
95% CIs were 0% to 1.1% (grade I), 0% to 
16.7% (grade III), and 15.3% to 54.3% 
(grade IV). No grade II cricothyrotomies 
were documented. 

The average number of attempts per 
intubation by increasing grade I through 
IV, shown in Table 2, was 1.34 (range 1 
to 5), 1.65 (range 1 to 4), 1.97 (range 1 to 
5), and 2.39 (range 1 to 6), respectively. 

This descriptive study included all pa 
tients on whom oral intubation was at- 

tempted in the 32-month period of April 
1991 to December 1993. The data points 
were collected from patient records and 
entered into LifeNet” (Golden Hour 
Consulting, San Diego, Calif.) patient 
care information management service. 
Data extracted included the initial airway 
visualization grade, number of attempts 
at oral and nasal intubation, the inci- 
dence of severe complications, and final 
airway management outcome, such as 
nasal or oral intubation, cricothyrotomy, 
or basic airway management. 
Complications that were tracked in- 
cluded recognized and unrecognized 
esophageal intubation, recognized and 
unrecognized main stem bronchial intu- 
bation, laryngospasm, vomiting, epis- 
taxis, broken or damaged teeth, dys- 
rhythmias, and airway stricture. 
Hypotension and hypoxemia were recog- 
nized as severe complications but were 
not tracked because they were difficult to 
attribute specifically to a complicated in- 
tubation. Furthermore, most of these 
trauma patients were suffering from 
other concomitant etiologies for hypoten- 
sion and hypoxemia. 

The serious complication rate (total 
number of complications in a given grade 
divided by total number of airways in that 
grade) per airway by initial intubation 
grade was 24% (grade I), 46% (grade II), 
62% (grade III), and 65% (grade IV). The 
95% CI for grades II, III, and IV overlap, 
whereas grade I does not overlap with any 
other grade. Complications considered se 
rious are listed in Table 3. Statistically sig- 
nificaut (P > 0.05) correlations between in 
creasing visualization grade and both the 
number of attempts and the number of 
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The data were analyzed using Excel 
4.0 (Microsoft”), and the statistical 
analysis was performed with Statview 
512+” (Brain Power, Inc., Calabasas, 
Calif.). Statistical significance was set at 
P < 0.05. This study was approved by the 
Human Subjects Research Committee at 
the University of California-San Diego 
Medical Center. 

Results 



complications were found; Spear-man’s 
rho was 0.52 and 0.45, respectively. Number (Percentage) 

Intubations also were grouped accord- 
ing to the AMP’s training level and ana- 
lyzed to determine whether frequency of 
grades III or IV airway visualizations or 
intubation success rates were affected by 
level of train& As shown in Table 4, no 
statistically significant differences were 
found between the AMP groups (para- 
medics, flight nurses, and flight physi- 
cians) for the tiequency of grade III or IV 
airway visualizations encountered, nor 
the success rate of lntubation. 

of lntubations by lntubator 

lntubator 
Total for residents 
Total for RNs 
Total for paramedics 
Total 

oRAL GRADE 

I II Ill IV Total 
30 (61.2%) 10 (20.4%) 5 (10.2%) 4 (8.2%) 49 

131 (60.1%) 54 (24.8%) 20 (9.2%) 13 (6.0%) 218 
116 (71.6%) 28 (17.3%) 12 (7.4%) 6 (3.7%) 162 

277 92 37 23 429 

Surveys of the Incidence 

Discussion 

of Difficult Latyngoscopy (Visualization Grades Ill and IV) 
in Routine General Surgery and Air Medical Patlents 

Clearly oral intubation in the unpre- 
dictable out-of-hospital environment can 
pose additlonal challenges and be more 
difficult than in the controlled hospital 
environment, yet no prior study has 
demonstrated nor attempted to quantify 
this difference. A principal problem in 
studying this question is the lack of an 
objective method of airway assessment 
in the out-of-hospital environment. This 
study assessed a graded laryngoscopic 
visualization classification system, “the 
quick look,” to help determine the dii- 
culty of the out-of-hospital intubation at 
the beginning of the procedure. 

Source Ill and IV All grades 
429 
210 

Current study 60 
Mallampati et al. * 28 
Cohen, Laurito, 

and Segil* 48 
Williams, Carli, 

and Cormack 42 
Wilson et al.* 12 
Bellhouse and Dore’ 13 
*Standard preoperative environment, nontrauma 

Incidence 
1:6 (14%) 
1:8 (13.3%) 

95% Confidence 
limits 

1:5 to 1:8 
1:5 to 1 :I 1 

665 I:14 (7.2%) 1:ll to 1:19 

1387 1:33 (3%) 
778 1:65 (15%) 

3800 1:292 (0.3%) 

1:25 to 1:46 
1:37 to 1:126 

I:171 to 1:551 

out-of-hospital environment contribute to 
an increased di&ulty of intubation. 

This study demonstrated that an in- 
creasing airway grade is associated with 
an increasing number of intubation at- 
tempts, cricothyrotomy rate, and number 
of complications. Indeed, the more dii- 
cult it is to expose and observe the glottis 
and vocal cords on initial visualization, 
the more likely an incorrect endotracheal 
tube placement may result. 

An interesting note is that the success 
rate of oral intubation shows a marked 
decrease after grade III airway visualiza- 
tion. Grade II airways had an oral intuba- 
tion success rate of 86.5%, whereas grade 
IV airways had a success rate of 43.5%. 
However, it should be noted that in five 
grade IV intubation cases, success was 
obtained only after improved visualiza- 
tion was obtained by a subsequent intu- 
bator. When these cases are discounted, 
repeated grade IV airway visualization 
displayed only a 27.8% oral intubation 
success rate, a similar success rate to 
that reported in the anesthesia literature 
for grade IV visualizations. 

are intubated relatively easily and recom- 
mends that intubation be attempted with 
grade III airways in the operative setting. 
The literature does not recommend that 
blind intubation be attempted in grade IV 
airways.sJl However, although the anes- 
thesiologist has several specialized op 
tions for managing a difticult airway in the 
preoperative environment, these choices 
are not available to the out-of-hospital care 
provider.14 Blind attempts at oral intuba- 
tion therefore may be more acceptable in 
the out-of-hospital environment 

The data of this study may have im- 
portant implications in the out-of-hospital 
care environment Indeed, they suggest 
that, to out-of-hospital personnel, a grade 
IV initial airway visualization might indl- 
cate alternative airway procedures, such 
as cricothyrotomy or rapid transport with 
basic airway management, after a limited 
number of unsuccessful oral intubation 
attempts. Another alternative procedure 
not taken advantage of in this study may 
be the esophageal-tracheal double lumen 
airway (Combitube”3.lsJ 

Making a decision among these op 
tions depends on the transport time, type 
of associated injuries, and the scope of 
the provider’s practice. In contrast, a 
grade III initial airway visualization, be- 
cause of a relatively high success rate of 
intubation (90%), may warrant repeated 
attempts at oral intubation before an al- 
ternative procedure is opted. 

Moreover, the anesthesia literature 
has reported that grade III visualizations 

Table 5 illustrates a comparison of the 
incidence of difftcult laryngoscopy be- 
tween out-of-hospital intubation and pre 
operative intubation.15 with the airway vi- 
sualization classification as the standard 
of diicult intubation, the table compares 
the incidence of combined grade III and 
IV airways found in five studies of preop 
erative patients with that found in this 
study. This study demonstrated a greater 
incidence in the compared airway grades 
than was obtained in the preoperative 
studies. The CIs overlap with only one of 
the five studies. Although the compared 
preoperative studies did not include 
trauma patients, the results of this study 
suggest that the unique challenges in the 

This study is limited by the fact that 
it is descriptive and performed in a sin- 
gle system; therefore the results may 
not be generalized to another popula- 
tion. Also, because no set protocols 
were in place to decide when to aban- 

Alr Madical Journal 17:2 April-June 1998 49 



don oral intubation, predicting success 
rates based on the number of attempts 
is not possible. Possibly an individual air 
medical professional, in the case of a 
grade I airway, may have been more re- 
luctant to abandon continued oral air- 
way attempts and proceed with an alter- 
native technique than in the case of a 
grade IV airway. Therefore grade IV air- 
ways may be more likely to require 
cricothyrotomy because the AMP would 
be more likely to abandon oral intuba- 
tion attempts sooner. 

However, in our environment, the 
AMP did attempt to orally intubate grade 
IV airways as vigorously as grade III air- 
ways. Indeed, the average number of intu- 
bation attempts was not found to level off 
nor decrease between grades II and IV. 
Rather, the average number of intubation 
attempts increased with increasing grade. 

This study is also subject to an un- 
avoidable bias in the high acuity, uncon- 

trolled environment in which the intuba- 
tions occurred; namely, the same person 
performing the intubation also per- 
formed the airway classification. Indeed, 
a tendency may exist to grade the airway 
of a more diicult intubation higher sim- 
ply because the procedure required 
more attempts or was unsuccessful. 

A further limitation of this study is 
the relatively small number of grade IV 
intubations, an inherent problem given 
the low incidence with which grade IV 
airways present. Our data suggest that, 
on average, an air medical professional 
could expect to encounter a grade IV 
airway once every 6 years. This calcula- 
tion highlights the fact that this person 
will have little if any experience with 
high-grade, difficult intubations and 
therefore accentuates the need for a 
rapid and simple method to identify a 
difficult airway and plan the manage- 
ment in such a case. 

Conclusion 
In the AMT environment, the quick look, 
direct visualization classification may 
prove useful to help anticipate and iden- 
tity the difficult oral intubation that could 
require repeated attempts or alternative 
airway management techniques alto- 
gether. The quick look classification sys 
tern potentially could be used for quality 
improvement and airway management 
skills monitoring. Our program uses di- 
rect visualization classification to help de 
termine when and how rapidly cricothy- 
rotomy or other alternative airway 
management strategies should be used. 
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