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Background. The Berci–Kaplan video laryngoscope was developed to improve the visualization

of the glottis and ease tracheal intubation. Whether this technique is also effective in patients

with an expected difficult intubation is unclear. We have prospectively evaluated the conditions

and success rate of tracheal intubation in patients with a Mallampati score of III or IV.

Methods. Two hundred patients, undergoing general anaesthesia, were randomized to be intu-

bated using direct laryngoscopy (n¼100) or video laryngoscopy (n¼100). Visualization of the

vocal cords, success rate, time for intubation, and the need for additional manoeuvres (laryngeal

manipulations, head positioning, and Eschmann stylet) were evaluated.

Results. Video laryngoscopy produced better results for the visualization of the glottis using

Cormack and Lehane criteria (P,0.001), success rate (n¼92 vs 99, P¼0.017), and the time for

intubation [60 (77) vs 40 (31) s, P¼0.0173]. In addition, the number of optimizing manoeuvres

was also significantly decreased [1.2 (1.3) vs 0.5 (0.7), P,0.001].

Conclusions. Video laryngoscopy, when compared with direct laryngoscopy for difficult intuba-

tions, provides a significantly better view of the cords, a higher success rate, faster intubations,

and less need for optimizing manoeuvres. Therefore, we feel that the video laryngoscopy leads

to a clinically relevant improvement of intubation conditions and can be recommended for diffi-

cult airway management.
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Securing the airway with a cuffed tube in the trachea is still

one of the most important skills in anaesthesia. However,

the placement of a tracheal tube can be expectedly or unex-

pectedly difficult or even impossible.1–6 Difficult tracheal

intubation still contributes to anaesthesia-related morbidity

and mortality.7 –10

To minimize this risk due to difficult intubations, most

of the national anaesthesia societies have developed guide-

lines for the management of expected and unexpected dif-

ficult intubations.11 – 13 At the same time, ‘blind

techniques’ via laryngeal airways and video-assisted

devices for tracheal intubation have been developed to

ease difficult intubations.14 – 19 In addition, video-assisted

techniques offer the opportunity to improve the teaching

of airway management.20 In general, these techniques

offer the advantage of abandoning the need to align the

optical axis in the pharynx and mouth to visualize the

entrance of the larynx.4

In 2003, Kaplan and Berci17 introduced the Storz video

laryngoscope into clinical practice. The Storz video laryn-

goscope is built like a standard Macintosh laryngoscope

with an integrated video camera. The camera projects the

image to a portable screen. Besides the improved view for

the anaesthesiologist, the system allows supporting staff to

optimize their assistance (external manipulation of the

larynx). The system has been shown to be very effective

in a large study in patients with an expected normal intu-

bation.21 Whether the Storz video laryngoscope can

improve the intubating conditions and finally the success

rate in difficult intubations remains unknown.

Therefore, the aim of this study was to compare the visu-

alization of the glottis, the time for tracheal intubation, the
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success rate of intubation, and the need for manoeuvres to

optimize the view using direct laryngoscopy or video laryn-

goscopy in patients with expected difficult intubations.

Methods

After approval by the local Ethics Committee, 200 patients

undergoing surgery under general anaesthesia with tra-

cheal intubation gave their informed, written consent to

participate in this study.

The patients were aged .18 yr, and were recruited if

they had a modified Mallampati score of III or IV, or a

history of a difficult intubation and a mouth opening of at

least 2 cm.16 Patients who were ASA IV or higher and

those undergoing rapid sequence induction were excluded.

The modified Mallampati score was assessed with the

patient in sitting position, the mouth fully open and the

tongue protruded.22 23 The patients were asked to phonate.

Before induction of anaesthesia, the evaluation was con-

firmed by one of the two attending anaesthesiologists who

performed the intubations. In cases where the anaesthesio-

logist could not confirm the scoring and found a

Mallampati score of less than III, the patient was excluded

from the study (n¼5). Three patients with a Mallampati

score of less than III were enrolled because of a documen-

ted history of difficult intubation.

Visualization of the laryngeal inlet was assessed accord-

ing to the classification of Cormack and Lehane: I, vocal

cords visible; II, less than half of the glottis or only the

posterior commissure is visible; III, only the epiglottis is

visible; and IV, none of the foregoing is visible.24

All intubations were performed by two experienced

anaesthesiologists with 13 and 17 yr of experience in clini-

cal anaesthesia and at least 3 yr of experience in difficult

intubations.

The video laryngoscope (Karl Storz Endoskope,

Tuttlingen, Germany) was introduced into clinical practice

by Kaplan and Berci.17 The video laryngoscope is built like

a standard Macintosh laryngoscope with fibreoptic fibres

built into the end of the blade. This way the video laryngo-

scope allows at the same time a direct view, like the view

with a normal Macintosh blade, and the view of the camera

at the end of the blade projected on a monitor. The camera

projects the image in real time to a portable video system

with the option to record sequences or pictures. For the

study, blades Macintosh size three and four were used. Size

of the blades and tracheal tubes (7.0–8.0 mm ID) were used

to the discretion of the intubating anaesthesiologists.

After having obtained the consent, the patient was

assigned to tracheal intubation via direct laryngoscopy or

video laryngoscopy according to a computer-based ran-

domization list. Before induction of anaesthesia, the anaes-

thesiologist performing the tracheal intubation confirmed

the Mallampati score and started preoxygenation.

The patients were placed in the supine position with

their head on a 7 cm headrest. General anaesthesia was

induced according to the preference of the attending

anaesthesiologist (Table 1). The attending anaesthesiolo-

gist decided when to start the intubation attempt and the

time for the procedure was then noted.

The time for an attempt was defined from when the

patient’s mouth was opened until the cuff of the tube was

inflated. The attending anaesthesiologist noted the laryngo-

scopic view according to Cormack and Lehane.24 Always

the best view and the number of manoeuvres to optimize

this view were noted. In the case of video laryngoscopic

intubations, both views (direct view with the blade and the

view on the screen) were recorded.

Optimizing manoeuvres were the external manipulation

of the larynx (BURP manoeuvre), use of a gum elastic

bougie (Eschmann stylet), and changes in head position-

ing. A number of zero optimizing manoeuvres meant that

the patient was intubated in neutral position without any

manipulations. In cases where the anaesthesiologist could

not intubate a patient despite all manoeuvres, the intuba-

tion attempt was declared as failed.

During the tracheal intubation, standard monitoring, i.e.

non-invasive arterial pressure measurement, heart rate, and

arterial oxygen saturation (pulse oximeter), was performed

and the results were recorded before induction of anaesthe-

sia and at the end of the intubation.

Data are presented as mean (SD). The following null

hypotheses were tested: first, time for tracheal intubation

using video laryngoscopy was significantly longer than

using direct laryngoscopy. Secondly, the view at the

larynx according to Cormack and Lehane was not different

for the two techniques. Thirdly, the number of optimizing

manoeuvres was not different for the two techniques.

Fourthly, the success rate for tracheal intubation was not

different for the two techniques. Hypotheses were tested

using x2 test (classification according to Cormack and

Lehane, number of optimizing manoeuvres, and success

rate) and Student’s t-test (time for intubation). Differences

were considered significant for P,0.05. Bonferroni’s cor-

rection for multiple testing was applied for significance

testing, when multiple tests for one parameter (time for

tracheal intubation) were performed.

Table 1 Anthropometric data and dose of medication for anaesthesia

induction of 200 patients [mean (SD) or mean (range)] randomized for direct

laryngoscopy (n¼100) or video laryngoscopy (n¼100) with expected difficult

intubation

Direct

laryngoscopy

Video

laryngoscopy

P-value

Height (cm) 172 ( 9) 172 (10) 0.8351

Weight (kg) 78.7 (19.4) 83.2 (20.8) 0.1073

Age (yr) 54.2 (18–94) 56.8 (18–88) 0.2411

Mallampati score (I/II/III/IV) 0/2/87/11 0/1/76/23 0.0703

Thyromental distance 6.8 (1.5) 7.0 (1.4) 0.4653

Sternomental distance 14.3 (2.0) 14.1 (2.4) 0.5155

Interincisor gap 3.7 (0.9) 3.7 (0.9) 0.9880

Propofol (mg kg21) 2.4 (0.6) 2.4 (0.5) 0.6639

Remifentanil (mg kg21) 0.87 (0.16) 0.81 (0.21) 0.0186

Succinylcholine (mg) 87 (21) 91 (23) 0.1535
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Sample size was based on an a-error of 0.05 and a

b-error of 0.2 with a minimal time difference for intuba-

tion of 20 s and a standard deviation of 45 s. The resulting

minimal number per group was 79 and was rounded to

100 for each group.

Results

The patients were recruited from the departments of oral

and maxillo-facial surgery (n¼126), general surgery

(n¼50), and urology (n¼24). The patients were evenly

distributed for the two groups. Anthropometric data of the

patients were presented in Table 1.

Video laryngoscopy provided a significantly better view

of the laryngeal structures than direct laryngoscopy

(P,0.0001). Direct laryngoscopy with a standard Macintosh

blade showed a distribution of the classification grades from

I to IV of: 23/41/26/10, whereas video laryngoscopy showed

a distribution of: 45/45/10/0 (Fig. 1). Besides, video laryn-

goscopy also allows a direct view which is similar to a

Macintosh blade. This direct view with the video laryngo-

scope provided a view of: 19/35/32/14. This direct view was

not statistically different from that of the controls (P¼0.54,

Fig. 2).

The time for tracheal intubation (from opening of the

mouth to inflating the cuff) was significantly shorter for

video laryngoscopy compared with direct laryngoscopy

with a standard Macintosh blade [40 (31) s video laryngo-

scopy vs 60 (77) s direct laryngoscopy; P¼0.017, Fig. 3].

Overall, 200 attempts at tracheal intubation were made

with 100 attempts for each technique. Video laryngoscopy

led to 99 successful intubations, whereas direct laryngo-

scopy was successful in 92 attempts (P¼0.017). These

results were achieved in 61 vs 41 cases (video
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Fig 1 Number of patients according to the classification of Cormack and

Lehane. Laryngoscopy with the video laryngoscope facilitated a

significantly better view of the glottis compared with direct laryngoscopy

with a Macintosh blade (P,0.0001).
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Fig 2 Number of patients according to the classification of Cormack and

Lehane. The direct view with the video laryngoscope through the mouth

(DV) did not reveal any significant difference compared with direct

laryngoscopy with the Macintosh laryngoscope (D; P¼0.54). The

equivalent direct view with the Berci–Kaplan laryngoscope compared

with that with the Macintosh laryngoscope provides the rationale for a

subanalysis of patients with a Cormack and Lehane class III and IV

airway.
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Fig 3 Time for intubation with respect to the classification of Cormack

and Lehane. On the left, a subanalysis of patients with a Cormack and

Lehane class I and II airway (n¼118), in the middle all patients (n¼200),

and on the right, a subanalysis of patients with a Cormack and Lehane

class III and IV airway (n¼88), judged from the direct view with both

techniques. The difference in time for intubation increased between video

laryngoscopy and direct laryngoscopy with the increase in the

classification of Cormack and Lehane.
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Fig 4 Number of optimizing manoeuvres (external manipulation of the

larynx, gum elastic bougie, and change in head positioning) to achieve

the best view at the glottic structures. There was significantly less need

for supportive manoeuvres to optimize the view with the video

laryngoscope (P,0.0001).
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laryngoscopy vs direct laryngoscopy) from neutral position

without manipulations, in 31 vs 20 cases with external

manipulation of the larynx, in 7 vs 16 cases with

additional use of a gum elastic bougie, and finally with

additional change in head position in 1 vs 23 cases

(P,0.001, Fig. 4).

The dose of remifentanil was significantly lower for the

patients intubated via video laryngoscopy (Table 1). There

were no differences for arterial pressure, heart rate, and

the measurements of pulse oximetry between the two

groups. Overall, systolic arterial pressure and heart rate

decreased significantly (P,0.001), whereas oxygen satur-

ation significantly increased (P,0.001).

Because direct view with the video laryngoscopy was

not different from that with the standard Macintosh blade,

a subanalysis of the patients with a classified airway

according to Cormack and Lehane grade III and IV was

performed. There were 46 patients with a direct laryngo-

scopic view of III and IV in the video laryngoscopy group

and 36 in the group randomized for direct laryngoscopy.

In contrast to patients with Cormack and Lehane class I

and II, who did not show a significant difference for the

time for intubation, the time for intubation in patients with

Cormack and Lehane class III and IV was significantly

different [53 (38) s video laryngoscopy and 105 (112) s

direct laryngoscopy, P,0.01; Fig. 3], respectively. The

need for optimizing manoeuvres was 0.8 (0.8) for video

laryngoscopy and 2.2 (1.1) for direct laryngoscopy

(P,0.001), respectively. Finally, the rate of successful

intubations was 45 of 46 attempts for video laryngoscopy

and 28 of 36 attempts for direct laryngoscopy (P,0.01).

Discussion

In patients with an expected difficult intubation, video lar-

yngoscopy leads to a better view of the laryngeal struc-

tures, facilitates faster intubations with a higher success

rate and less need for optimizing manoeuvres.

These results could have been influenced by the selec-

tion of the patients and differences in the depth of anaes-

thesia as important determinants of the intubation

conditions.2 – 4 25 Therefore, we analysed the anthropo-

metric data of the patients (Table 1) and the medication

used for induction of anaesthesia.

Concerning the induction of general anaesthesia, we

found a significantly lower induction bolus of remifentanil,

which was 0.06 mg lower in the video laryngoscopy group

(Table 1). However, the decrease in arterial pressure and

heart rate in both groups demonstrates that there was no

clinically relevant difference in depth of anaesthesia.

Moreover, if this difference had influenced our results, it

would have had an influence in favour of the direct laryn-

goscopy. Overall, the condition for tracheal intubation

should not have influenced our results.

We chose a modified Mallampati classification to

predict difficult intubations. Difficult intubations were

defined as an intubation with the best obtainable laryngo-

scopic view of III or IV according to the classification of

Cormack and Lehane. The Mallampati classification has

been criticized multiple times, because of a high number

of false positive ratings and a low predictive value.25 – 27 In

2005, Eberhart and colleagues27 found a positive predic-

tion value of 19.5% for true difficult intubations with a

Mallampati class of III and IV. That our positive predic-

tion value was 36% for the patients randomized for direct

laryngoscopy has at least three reasons. First, Lewis

and colleagues25 have demonstrated that the way the

Mallampati test is performed has a significant influence on

the prediction of a difficult intubation. According to these

findings, the way we performed the test should yield the

best predictive value. Secondly, the result of the

Mallampati test is strongly influenced by an inter-observer

variability. Therefore, we decided that the grade of the

Mallampati classification had to be confirmed by a second

observer.4 Consequently, five patients with a false high

Mallampati score were excluded. Thirdly, the Mallampati

classification is mainly determined by soft tissue, which in

many cases can be pushed away with the laryngoscope to

reveal a view of less than III according to Cormack and

Lehane. In our study, more than 60% of all patients and

more than 70% of the patients with a class III and IV lar-

yngeal view were patients undergoing oral and maxillo-

facial surgery. These patients underwent surgery, because

of tumours, infections, or anatomical variations in the oral,

pharyngeal, or both regions. In most of these patients, the

tongue is not as mobile as in normal patients and the

tissue gives much more resistance and cannot be pushed

away. Therefore, the Mallampati classification has such a

high predictive value in our study. Ayuso and colleagues6

published similar results in patients who underwent intuba-

tion for tumour-related surgery.

As a limitation of the study, we have to state that

despite all efforts to avoid any bias by the selection of the

patients and the standardization of the anaesthesia tech-

nique and technique of intubation, we cannot exclude an

unintended bias due to the fact of an unavoidable

unblinded study design.

Depending on the management, tracheal intubation in

patients with difficult airways can lead to airway trauma or

even a life-threatening disaster.10 11 Therefore, on the one

hand, difficult airway management guidelines have been

developed and, on the other hand, video-assisted devices

have been developed to ease tracheal intubation.12 – 22 The

rationale behind the development of these devices is to

abandon the need for the alignment of the optical axis to

receive a direct view of the glottis.4

In a multi-centre trial enrolling 867 patients, Kaplan

and Berci found a significantly improved view using the

Stortz video laryngoscope view on the monitor compared

with the direct ‘naked’ view by the same laryngoscope.17

Overall, they found that the video laryngoscopy can be

used safely and this technique seems to provide better
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intubation conditions.21 However, their study design did

not include a control group of patients, who were random-

ized for intubation with a standard Macintosh laryngo-

scope, and it remains unclear whether these improved

conditions are clinically relevant.

Since the higher costs and logistic requirements for such

a system have to be justified, the next step was to show

that patients can be intubated with the new technique, who

could not be intubated with the standard technique or only

with more effort and time. Therefore, we performed this

study and found again an improved laryngoscopic view

and even more important a higher success rate of tracheal

intubation in patients with an expected difficult airway,

compared with a standard control group. Moreover, intuba-

tions with the video laryngoscope required less time and

effort in terms of optimizing manoeuvres. These results

were even clearer when the focus of the analysis was set

on the data of patients with a ‘class III and IV’ airway,

according to Cormack and Lehane.

In addition, Low and colleagues used the option of the

Berci–Kaplan laryngoscope to provide a direct view

through the mouth and the extended view projected on a

monitor, for teaching novices with minimal experience in

tracheal intubation. The trainee used the standard view of

a Macintosh blade and the trainer supervised the procedure

via the picture on the monitor.20

In conclusion, the use of the video laryngoscope eases

tracheal intubations in patients with expected difficult intu-

bations. The view of the laryngeal entrance is significantly

improved, with a decreased number of optimizing

manoeuvres and in less time. Overall, these improvements

of the conditions for tracheal intubations result in a signifi-

cantly higher success rate of tracheal intubations.
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