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Summary
We wished to test the hypothesis that neuromuscular blockade facilitates mask ventilation. In order

reliably and reproducibly to assess the efficiency of mask ventilation, we developed a novel

grading scale (Warters scale), based on attempts to generate a standardised tidal volume. Following

induction of general anaesthesia, a blinded anaesthesia provider assessed mask ventilation in 90

patients using our novel grading scale. The non-blinded anaesthesiologist then randomly

administered rocuronium or normal saline. After 2 min, mask ventilation was reassessed by the

blinded practitioner. Rocuronium significantly improved ventilation scores on the Warters scale

(mean (SD) 2.3 (1.6) vs 1.2 (0.9), p < 0.001). In a subgroup of patients with a baseline Warters

scale value of > 3 (i.e. difficult to mask ventilate; n = 14), the ventilation scores also showed

significant improvement (4.2 (1.2) vs 1.9 (1.0), p = 0.0002). Saline administration had no effect on

ventilation scores. Our data indicate that neuromuscular blockade facilitates mask ventilation. We

discuss the implications of this finding for unexpected difficult airway management and for the

practice of confirming adequate mask ventilation before the administration of neuromuscular

blockade.
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One of the key aspects of anaesthesia management

involves securing a patent airway for oxygenation and

manoeuvres available include mask ventilation, supra-

glottic airway insertion and tracheal intubation.

Although many studies have focused on predicting

and managing difficult laryngoscopy and intubation,

relatively few have evaluated factors associated with

difficult mask ventilation.

Langeron et al. characterised predictive factors,

utilising subjective criteria to grade the difficulty of

bag-mask ventilation [1]. Han et al. formalised the

Langeron grading system by assigning a numerical scale

to their criteria [2]. Kheterpal et al. then utilised the

Han scale in order to identify predictors of difficult

mask ventilation [3]. Although the Han scale provides

some uniformity in evaluating the efficacy of mask

ventilation, it remains quite subjective, failing to define

‘ventilated’, ‘inadequate’ and ‘unstable’. The Langeron

and Kheterpal studies both focused on physical

characteristics of patients and did not evaluate the

effect of anaesthetic interventions on mask ventilation.

Specifically, neither study examined the effect of

neuromuscular blockade on mask ventilation.

Goodwin et al. [4] used the ratio of expired (VTE)

and inspired (VTI) tidal volumes to measure the

efficiency of mask ventilation before and after neuro-

muscular blockade. They concluded that neuromus-

cular blockade neither helped nor hindered mask

ventilation in patients with normal airways. Study of

this topic has an important implication for the question

of whether neuromuscular blockade should be admin-

istered following the demonstration of adequate mask

ventilation. If neuromuscular blockade improves or has

no effect on the ability to mask ventilate, then

neuromuscular blocking drugs can be safely given

before checking the ability to mask ventilate. On the
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other hand, if it worsens mask ventilation then it is

appropriate to check the ability to mask ventilate

before administering neuromuscular blocking drugs.

The primary aim of this study was to investigate

the effect of neuromuscular blockade on ventilation by

facemask following the induction of anaesthesia. The

secondary aim was to help validate a new objective

grading scale for mask ventilation.

Methods

With approval from our institutional review board, 90

patients were enrolled in this single blinded, rando-

mised prospective study after written informed con-

sent. Inclusion criteria were age ‡ 18 years and elective

surgery requiring tracheal intubation. Exclusion criteria

were regional or local anaesthesia with monitored

anaesthesia care, the need for awake intubation based

on the American Society of Anesthesiologists (ASA)

Difficult Airway Algorithm [5], increased risk for

aspiration of gastric contents, previously established

airway device and contraindications to study medica-

tions. Patients’ characteristics, including risk factors for

difficult mask ventilation, were evaluated and recorded

pre-operatively.

The anaesthesia team consisted of an attending

anaesthesiologist who was not blinded to study med-

ications and a blinded resident or certified registered

nurse anaesthetist (CRNA). Mask ventilation as well as

grading of mask ventilation were performed by the

blinded practitioner. Mask ventilation was graded based

on two different scales, the Han scale (Table 1) and our

novel Warters scale (Table 2).

The Warters scale assigns points based on escalating

levels of intervention necessary to ventilate the lungs

such as use of an airway device, increased inspiratory

pressure and two-person ventilation, which are all

intended to overcome upper airway resistance to

ventilation. Additionally, the Warters scale accounts

for situations in which a poor quality mask seal inhibits

mask ventilation. Thus, in the event that the target tidal

volume of 5 ml.kg)1 is not achieved, and the provider

is unable to generate a peak inspiratory pressure of

> 30 cmH2O, additional points are assigned.

Patients were pre-medicated with midazolam 2 mg

before being transported to the operating room where

standard monitors (ECG, non-invasive blood pressure,

pulse oximetry) were applied. Following 3 min of

pre-oxygenation, lidocaine 1 mg.kg)1, fentanyl 1 lg.kg)1

and propofol 1–2 mg.kg)1were administered intrave-

nously. Baseline ventilation scores were obtained using

the Han scale and the Warters scale 30 s after the loss of

the eyelash reflex. Once the baseline ventilation scores

were recorded, the attending anaesthesiologist admin-

istered either rocuronium 0.6 mg.kg)1 or an equal

volume of 0.9% normal saline based on pre-operative

computer-generated randomisation and 2 min thereaf-

ter, repeat ventilation scores were recorded, again using

the Han scale as well as the Warters scale.

Patients’ data were compared by group using non-

parametric Wilcoxon rank sum tests for continuous

variables and chi-squared or Fisher’s exact tests for

categorical variables.

The primary end point in this study was a change in

Warters ventilation score from baseline to 2 min for

patients receiving rocuronium. We calculated that a

sample size of 88 would achieve nearly 99% power

to detect a 30% decrease from a mean of 2.3 (assuming

an estimated SD of 1.7 and significance level

alpha = 0.05).

To analyse outcomes on the original scale, we fitted

an ordinal regression model for correlated outcome

data using a generalised estimating equations (GEE)

approach as implemented in PROC GENMOD in SAS

Version 9.1 (SAS Systems, Cary, NC, USA). We

specified a multinomial link function and assumed

proportional odds for the association between the

ventilation score and the three factors of interest.

Table 1 Han grading scale for mask ventilation [2].

Classification Description ⁄ Definition

Grade 1 Ventilated by mask
Grade 2 Ventilated by mask with oral

airway or other adjuvant
Grade 3 Difficult to ventilate
Grade 4 Unable to ventilate

Table 2 Warters grading scale for mask ventilation. The
point system is based on the ability to achieve a target tidal
volume of 5 ml.kg)1.

Description ⁄ Definition Points

Oral or nasal airway 1
PIP 20–25 cmH2O 1
PIP 26–30 cmH2O 2
PIP > 30 cmH2O 3
Unable to generate PIP > 30 cmH2O 3
Two person ventilation 2
Tidal volume 2–5 ml.kg)1 2
Unable to ventilate 4

PIP, peak inspiratory pressure.
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Factors in the model included grading scale, time, drug,

as well as all two- and three-way interactions amongst

these variables. If we observed a significant three-way

interaction between scale, time and drug, we planned

to consider pairwise relationships while stratifying on

any two factors. We report the chi-squared score

statistic for type III GEE analysis. All pairwise contrasts

were Bonferroni adjusted.

To analyse the percent change in ventilation scores,

we fitted repeated measures models for correlated

outcome data using likelihood based methods, as

implemented in PROC MIXED. We assumed an

unstructured covariance matrix to account for the

within-subject correlation. We report t-tests of least

square means. All of the percent change pairwise

contrasts were Tukey adjusted.

In a post hoc analysis restricted to patients in the

rocuronium group with a baseline Warters scale value

of three or more (n = 14), a Wilcoxon signed rank test

was used to evaluate the difference between baseline

and 2-min ventilation scores.

As the Han scale does not lend itself to a measure of

central tendency and spread, we used histograms to

display changes due to neuromuscular blockade. In

contrast, means (SD) are presented for the Warters

scale. For each scale independently, improvement in

ventilation score from baseline was assessed via chi-

squared tests with one degree of freedom (d.f.), and we

report the odds ratio (OR) for improvement in the

rocuronium vs saline group for each scale. Values of p

< 0.05 were considered significant.

Results

Ninety patients were enrolled. Two operations were

cancelled after the patients gave consent, for reasons

unrelated to the study. No differences in characteristics

or known risk factors for difficult mask ventilation

were found between the saline group and rocuronium

group (Table 3). Raw data in terms of a histogram of

ventilation scores for the Han scale at baseline and

2 min after saline or rocuronium administration are

presented in Fig. 1.

Analysis of ventilation scores on the Warters scale for

the saline and rocuronium groups are presented in

Table 4. Saline administration did not change the

scores on the Warters scale (mean (SD) 1.9 (1.7) vs 1.6

(1.5), p = 0.19); however, significant improvement

was seen after rocuronium administration (2.3 (1.6) vs

1.2 (0.9), p < 0.001). This was the case regardless of

whether absolute scores or percent change in scores

was considered (p = 0.0001).

In the post hoc analysis restricted to the subgroup of

patients in the rocuronium group in whom it was

difficult to ventilate the lungs (baseline Warters scale

value of three or more, n = 14), percent change

analysis also showed that the 2-min ventilation scores

were significantly lower ()51.2 (26.6)%, p = 0.0002).

Mask ventilation improved significantly after rocu-

ronium administration on the Warters vs Han scale

(OR = 2.7, v2 (1) = 4.81, p = 0.03), whereas it did

not change after saline (OR = 1.3, v2 (1) = 0.29,

p = 0.62). The number of patients with worse

Table 3 Baseline and perioperative
characteristics. Data are mean (SD),
median (IQR [range]) or number
(proportion).

Saline
(n = 46)

Rocuronium
(n = 42)

Age; years 57.5 (11.3) 59.9 (10.8)
BMI; kg.m)2 28.3 (4.1) 30.1 (4.7)
Mallampati class 2.1 (0.6) 2.2 (0.7)
Mouth opening; mm 51 (9) 52 (9)
Thyromental distance; mm 89 (11) 88 (10)
Midazolam; mg 2 (2–2 [0.5–5]) 2 (2–2 [0–5])
Fentanyl; lg 150 (150–150 [75–250]) 150 (112.5–200 [100–250])
Propofol; mg 200 (200–200 [70–400]) 200 (180–200 [100–400])
Cormack-Lehane grade [11] 1.8 (0.8) 1.8 (0.8)
Male gender 45 (98%) 41 (98%)
Macroglossia 0 0
Receding mandible 1 (2%) 0
Edentulous 6 (13%) 11 (24%)
Facial hair 10 (22%) 6 (13%)
Snorer 21 (47%) 27 (59%)
Anticipated DMV 0 1 (3%)

DMV, difficult mask ventilation.
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outcomes at 2 min was too small to assess statistically

(Table 5).

Discussion

Our data indicate that neuromuscular blockade facil-

itates mask ventilation. Using our novel Warters scale,

significant improvement in mask ventilation was

demonstrated after the administration of rocuronium

compared with saline. Restricting our analysis to

patients in whom initial mask ventilation was more

difficult (Warters Scale ‡ 3), the improvement in mask

ventilation was even more dramatic. Moreover, none

of the patients’ ventilation scores worsened after

rocuronium administration on either grading scales.

The odds of improvement in mask ventilation on the

Warters vs the Han scale were 2.7 (p = 0.03); therefore

it would appear that the Warters scale is a more

sensitive tool for evaluating mask ventilation. How-

ever, the Han scale scores were not influenced by

neuromuscular blockade and although this scale appears

less sophisticated than the Warters, we do not know

which of these scales is most representative of the

ability to mask ventilate.

Goodwin et al. attempted to evaluate the effect of

neuromuscular blockade on mask ventilation in a

different way, using the ratio of expired tidal volume to
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Figure 1 Histograms presenting raw
data and estimated distribution of
ventilation scores for the Han scale at
baseline and 2 min after saline (a, b) or
rocuronium (c, d) administration.

Table 4 Changes in Warters scale ventilation scores in the
saline and rocuronium groups. Data are mean (SD).

Warters scale

Saline
(n = 46)

Rocuronium
(n = 42)

Baseline 1.9 (1.7) 2.3 (1.6)
2 min 1.6 (1.5) 1.2 (0.9)*

*p < 0.001 vs. Baseline.

Table 5 Changes in ventilation scores according to the Han
and Warters scales 2 min after the administration of saline or
rocuronium. Data are number (proportion).

Saline Rocuronium

Han
scale

Warters
scale*

Han
scale

Warters
scale†

No change 36 (78%) 31 (67%) 24 (57%) 14 (33%)
Improved 10 (22%) 11 (24%) 18 (43%) 28 (67%)
Worsened 0 4 (9%)‡ 0 0‡

*Chi-squared test statistic 0.29, d.f. = 1, p = 0.62 for comparison of ‘no
change’ vs ‘improved’ group after saline administration.
†Chi-squared test statistic 4.81, d.f. = 1, p = 0.03 for comparison of ‘no
change’ vs ‘improved’ group after rocuronium administration.
‡The numbers in the ‘worsened’ group were too small to consider
statistical comparison.
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inspired tidal volume (VTE ⁄ VTI) as a measure of ‘the

efficiency of mask ventilation’ [4]. They concluded

that neuromuscular blockade did not affect mask

ventilation. The difference in our results could in part

be attributed to study design and, for example, the

main end points used. Furthermore, Goodwin et al. did

not study patients with known or anticipated difficult

airways, there were no control groups and the sample

size was slightly smaller; the authors acknowledged that

theirs was a largely ‘negative’ result. In a recent review

article, El-Orbany et al. concluded that it is not known

whether the VTE ⁄ VTI ratio (which Goodwin et al. had

used as their primary measure) is the most appropriate

measure to test the efficiency of mask ventilation [6].

Unfortunately, we did not also collect data for VTI

which would have enabled a very direct comparison

with the data of Goodwin et al.

Our finding that neuromuscular blockade facilitates

mask ventilation has important implications for the

practice of managing difficult or impossible mask

ventilation after administration of these drugs. Options

in this case include returning to spontaneous ventila-

tion, tracheal intubation, placement of a supraglottic

airway device or obtaining emergency invasive airway

access [5]. In most cases, returning to spontaneous

ventilation is not practical in a reasonable time frame,

leaving tracheal intubation, supraglottic airway place-

ment or emergency invasive airway access as the only

feasible choices. Considerable evidence exists indicating

that neuromuscular blockade facilitates tracheal intuba-

tion [7–9]; and since our data further indicate that

neuromuscular blockade facilitates mask ventilation, it

follows that administering neuromuscular blockade is

an advantage, rather than a hindrance when given early

in a case of unrecognised difficult mask ventilation.

If that is the case, then this in turn also has an

implication for the question of whether to check mask

ventilation before administering neuromuscular block-

ade. A recent survey confirmed that clinicians remain

divided on whether it is necessary to confirm adequate

mask ventilation before the administration of neuro-

muscular blockade [10]. If in fact, neuromuscular

blockade generally improves the ability to mask

ventilate rather than worsens it, then checking the

ability to mask ventilation before administration of

neuromuscular blockade becomes less meaningful and

therefore, the practice is not supported by our findings.

In conclusion, rocuronium administration was found

to facilitate mask ventilation following the induction of

anaesthesia. Further, we developed a novel grading

system to assess the efficacy of ventilation by facemask

that eliminates much of the subjectivity inherent to

previous grading techniques. Since it is well established

that neuromuscular blockade also facilitates tracheal

intubation, neuromuscular blockade may prove advan-

tageous in the event of unexpected difficult airway

management.
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