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Abstract
Background Bag-Mask Ventilation (BMV) is a crucial skill in managing emergency airway situations and induction of 
general anesthesia. Ensuring proficient BMV execution is imperative for healthcare providers. Various techniques exist 
for performing BMV. This study aims to compare the quality of ventilation achieved using the E/C technique, Thenar 
Eminence (T/E) technique and a novel approach referred to as the hook technique. The goal is to identify the most 
effective single-person BMV method.

Method We conduct a pilot study on manikins involving 63 medical staff members who used the hook technique 
for ventilation. Subsequently, we obtained ethical approval and patient guardian consent to perform the study on 
492 emergency department (ED) patients. These patients were randomly divided into three groups, with each group 
subjected to one three ventilation techniques. The study focused on patients requiring reliable airway management 
for rapid sequence intubation (RSI). Ventilation was administrated using bag-mask device connected to the 
capnograph. End-tidal CO2 (ETCO2) levels were recorded. Demographic data were collected and analyzed by SPSS 
software version 22. Success rates were reported as frequency (percentage) as well as mean ± standard deviation.

Result Comparing partial pressure of CO2 (PCO2) results obtained via capnography between T/E, E/C and hook 
techniques, we found that the successful ventilation rate was 87.2% for T/E, 89.6% for E/C, and 93.3% for the hook 
methods. The hook method demonstrated significantly higher success rate compared to the other two techniques 
(P-value = 0.038). Furthermore, we observed statistically significant trends in PCO2 changes between measurements 
both within and between groups (P-value < 0/001).

Conclusion Our study indicates that the hook method achieved notably higher success rate in ventilation compared 
to the T/E and E/C methods. This suggests that the hook method, which involves a chin lift maneuver while securely 
fitting the mask, could serve as a novel BMV technique, particularly for resuscitation with small hands for a prolonged 
use without fatigue and finger discomfort. Our finding contributes to the development of a new BMV method 
referred to as the hook technique.
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Introduction
Bag-Mask Ventilation (BMV) plays a pivotal role in man-
aging emergency airway situations and facilitating gen-
eral anesthesia [1]. Despite its apparent simplicity, BMV 
demands precision and expertise. It requires skilled 
operator who can securely position the mask and admin-
ister the requisite positive pressure [2]. Inexperienced 
use of BMV is considered a relative contraindication [3]. 
According to the American Society of Anesthesiologists 
(ASA), Difficult Bag-mask Ventilation (DMV) occurs 
when an anesthesiologist struggle to establish effective 
BMV due to various issues, including incomplete mask 
sealing, gas leakage around the mask, high resistance to 
gas inlet and outlet, and signs of poor ventilation lead-
ing to a drop in Oxygen saturation below 90%, even 
with 100% oxygen [3]. It is commonly recommended 
that BMV during cardio-pulmonary resuscitation (CPR) 
be performed by two experienced operators, given the 
challenges faced during single-person ventilation (4). 
However, scenarios may arise where only one health-
care provider is available to administer BMV effectively. 
Hence, it is essential to identify a technique that can be 
performed solo. Multiple BMV techniques exist, one of 
which is the E/C technique, involving placing the mask 
pad between the thumb and index finger while using the 
other fingers to perform a chin lift maneuver [5]. Another 
technique known as thenar eminence (T/E) technique 
is widely recognized [6]. In this study, we introduced a 
novel BMV technique referred to as the hook method, 
which has not been previously described. Given the criti-
cal importance of BMV and necessity of learning and 
refining these techniques, our research aims to compare 
the quality of BMV using the E/C, T/E and hook tech-
niques to determine the most effective single-person 
BMV method. Figures 1, 2 and 3 show these mentioned 
BMV techniques.

Materials and methods
To design this study, we initially conducted a pilot study 
on manikins with participation of 63 emergency medi-
cine residents who were eligible for airway management.

This pilot study aimed to evaluate the effectiveness 
of the hook method, a technique involving the resus-
citator’s palm on the mask pads front and fingers guid-
ing the patients chin upwards. This approach was 
subsequently compared to the E/C and T/E techniques. 
A divider was used to ensure that the recorder assis-
tant remined blinded to the BMV technique employed. 
Chest rises quality was recorded for all three techniques. 

Upon successful outcomes from the manikin pilot study, 
and after obtaining ethical approval and consent from 
patient’s guardians, we proceeded to enroll 492 patients 
admitted to ED. Sample size was calculated based on 
pilot study considering a power of 80% and a type one 
error of less than 0.05. These patients were randomly 
divided into three groups using http://www.randomiza-
tion.com site, each subjected to one of the three ventila-
tion techniques. The study focused on patients requiring 
reliable airway management with an indication for rapid 
sequence intubation (RSI). Patients who required intu-
bation using other methods, obese patients, those with 
facial anomalies, a history of malignant hyperthermia, 
a nasogastric tube, significant burns, peritonitis lasting 
more than three days, and patients with extensive beards 
and mustaches were excluded from the study.

After the screening, pre-oxygenation, premedication, 
and induction of anesthesia, patients were ventilated 
by a bag-mask attached to a capnograph by an emer-
gency medicine specialist, senior resident, or emergency 
attending. Twelve breaths/min with 100% FIO2 were 
given. We used the RESPIRONICS brand capnograph 
device, the product of Respironics, Inc. with specifica-
tions of Cosmas Court 2271, Carlsbad, CA USA 92,009 
was used. Capnography device is a standard calibrated 
device and its gold standard for improving ventilation 
with Bag - Mask. The ETCO2 sensor placed between 
mask’s inlet and bag’s connector part (outlet). Depend-
ing on whether patients were in group I, II or III, before 
induction of anesthesia, patients were ventilated 8 times 
by bag-mask and at the end of each ventilation, ETCO2 
was recorded. BMV success assessment is defined as 
follows: Increase ET CO2 to more than 20 mmHg 2O 
and return to baseline [6]. Comparison between Bag-
Mask ventilation using E / C, T/E and Hook methods 
in the three study groups was performed. Flowchart of 
the study is available in the Fig.  4. We used the opaque 
drape over patient to separate the mouth and nose from 
the chest. It was impossible for two assessors (professors 
of emergency medicine) to see which BMV techniques 
were used by an emergency medicine specialist, senior 
resident, or emergency attending. On the other side of 
the curtain, two evaluators (two emergency medicine 
specialists) evaluated the BMV techniques based on the 
chest expansion score from 1 to 4. To evaluate Chest Ris-
ing in the studied patients, by visual method, patients 
were categorised into four groups: the amount of chest 
rising in group one was between 0 and 25% (score 1), 
25–50% in group two (score 2), 50–75% in group three 

Trial registration IRCT registration number: IRCT20121010011067N5. URL of trial registry record: https://www.irct.ir/
trial/57420.
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(score 3) and 75–100% in group four (score 4). Patients in 
group one and two considered to have unsuccessful ven-
tilation due to lack in chest rise, and in groups three and 
four, the ventilation was considered successful.

Data analysis
Data analysis was conducted using SPSS software version 
22. We collected and analyzed demographic data, report-
ing success rates as frequencies and mean ± standard 
deviation.

Success and failure in the Pilot study were expressed as 
a percentage and the results were reported as frequency 
(percentage) as well as.

We utilized statistical tests such as Kolmogorov-
Smirnov test to assess data normality, the Kruskal-Wal-
lis test for non-normally distributed data, and repeated 
measure tests. Additionally, we calculated Diagnostic 
test parameters including positive and negative predic-
tive values, sensitivity, specificity, and Youden´s Index. A 
P-value of ≤ 0.05 was considered statistically significant.

Fig. 1 E/C technique application in a manikin
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Results
Results of pilot study showed 93.7% success rate in venti-
lating manikins for hook method, compared to a 90% and 
87.3% success rate for E/C and T/E methods respectively. 
No significant difference has been found between three 
methods.

In patients ventilated by the hook method, 47.6% were 
women and 52.4% were men. The mean age of patients 
was 46 ± 17.4 with a minimum age of 18 years and max-
imum age of 99 years. In patients ventilated by the E/C 
technique, 48.2% of women and 51.8% of men. The 
mean age of patients in this group was 50 ± 18.8 with a 

minimum age of 18 and a maximum age of 99 years. In 
T/E method group 48.2% of patients were female and 
51.8% were male. The mean age of patients in this group 
was 47 ± 17.6 with a minimum age of 18 and a maximum 
age of 89 years.

There was no significant difference in terms of sex 
distribution between three groups (PV: 0.998). In com-
parison with PCO2 results obtained from capnography 
between E/C, T/E and Hook techniques, the ventilation 
rate was 87.2% and 89.6% in the T/E and E/C methods 
respectively and 93.3% in the Hook method. The suc-
cess rate of ventilation with the Hook method was 

Fig. 2 Thenar Eminence (T/E) technique application in a manikin
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considerably higher than the E / C and T/E methods. 
There was a significant difference in ventilation success 
between the three methods (PV = 0.038).

PCO2 measurement times from the 2nd to the 10th 
second were recorded in three techniques and a sta-
tistically significant difference was observed in fifth to 
eighth seconds (PV = 0.008), (PV < 0/001), (PV < 0/001) 
respectively.

More information is shown in Table  1. In the com-
parison between groups, the trend of PCO2 changes 
in different measurements was statistically significant 
(pv = 0.006). Also, the within-group comparison of 

PCO2 changes in different measurements was statisti-
cally significant (P < 0/001). Figure  5 shows the trend of 
PCO2 changes at measurement times by E / C, T/E and 
hook methods. The sensitivity of chest rising in all three 
techniques was 100%. Specificity in E/C technique, T/E 
technique and hook method was 100%, 28.6% and 50% 
respectively. Positive predictive value was 100% in E/C 
technique, 90.5% in T/E technique and 96.5% in hook 
method. Negative predictive value was 100% in all three 
groups.

Fig. 3 Hook technique application in a manikin
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Discussion
Bag-Mask ventilation is one of the essential skills that 
every physician should know how to do it properly. Since 
there are several different ways to BMV, it is important 
to know the best way to do it that is both convenient and 
effective by single person. We introduced a method called 
hook method in which the resuscitator’s palm will be 
used on the front of the mask pad and his or her fingers 
will guide the patient’s chin upwards, And we compared 
this method with the E/C and T/E techniques which are 
common and valid. If the hook-method is successful, it 
can be a good alternative to do BMV.

In a study done by Umesh et al. about comparing the 
E/O technique to the E/C technique, they concluded 
that the E-O technique is superior to the E-C technique 

in manikins during single person bag-mask ventilation 
performed by novices. experienced resuscitators, E/C 
provided a proper chest expansion. If one technique fails, 
another can be used instead [5].

Soleimanpour M et al., evaluated the quality of four 
different BVM ventilation techniques – E-C, Thenar 
Eminence, Thenar Eminence (Dominant hand)-E-C 
(Nondominant hand), and Thenar Eminence (Non-
dominant hand)-E-C (Dominant hand) – among two 
novice and experienced groups. They concluded that 
Novices did Thenar Eminence (non-dominant hand) 
and E-C (dominant hand) technique better than the 
other two techniques. Therefore, for new trainees, 
these two techniques are recommended because of 
convenience [7].

Table 1 Comparison of capnograph-derived PCO2s in different measurements between ventilated patients with hook method, T/E 
method and E/C technique
Measurement time Technique used for ventilation p-value Group effect

p-value
Time effect
p-valueT/E method

Median (IQR*)
E/C method
Median (IQR)

Hook method
Median (IQR)

The 2nd second 20 (20–23) 21(22 − 20) 21 (20–22) 0.199 0.006** < 0.001**
The third second 24 (22–25) 23(24 − 21) 23 (23–24) 0.114
The fourth second 24 (22–26) 25(26 − 23) 25 (24–26) 0.071
The fifth second 26(24–27) 26(28 − 24) 26 (25–27) 0.008
The sixth second 25 (23–27) 28(29 − 25) 27 (26–28) < 0.001
The seventh 
second

26(24–29) 29(30 − 27) 28 (27–29) < 0.001

The eight second 28(26–30) 30(31 − 29) 29 (28–30) < 0.001
The ninth second 29 (25.27-31) 31(33 − 29) 30 (28–31) 0.134
The tenth second 31(29–34) 32(34 − 30) 31 (29–32) 0.377
*IQR = InterQuartileRange

** significant

Fig. 4 Flow chart of the study
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In another study, Soleimanpour M, et al., compared 
three techniques on Facility of Bag-Mask Ventilation: 
Thenar Eminence, E-O, and E-C. They stated that in pro-
fessional operators there wasn’t any significant differ-
ence between these three methods, but in novices, the 
E/O technique is done better and it’s a good technique to 
teach to medical students [8].

Osiński et al. showed a better success rate for a behind 
the head position in bag mask ventilation compared to 
ventilation from the side [9]. In our study all patients 
ventilated from behind the head and we did not studied 
ventilation from the side. Studying the hook method in a 
side position can help to draw more accurate conclusions 
about this technique.

In present study, in pilot study on manikin using 
hook method, the succession rate was 93.7% and 6.3% 
were unsuccessful. In comparison of PCO2 results 
obtained from capnography between two E / C, T/E 
and hook techniques of patients, the success rate of 
ventilation in patients ventilated with E/C and T/E 
methods was 87.2% and 89.6% respectively, while in 
patients ventilated by hook method success rate was 
93.9%. In fact, the success rate of ventilation with hook 
method is somewhat higher than the E / C and T/E 
methods and in comparing the success rate of ventila-
tion between the three methods, a statistically signifi-
cant difference was observed (p = 0.038).

Limitations
This study included 492 patients, which may be con-
sidered a relatively small sample size for drawing defin-
itive conclusions. While our findings provide valuable 
insights, larger and more diverse populations could 
enhance the generalizability of our results. Our study 
conducted initial assessments on manikins before 
progressing to human patients. While manikins offer 

controlled environments for preliminary data collec-
tion, they may not fully replicate the complexities of 
real-life clinical scenarios, and the applicability of our 
findings to actual patients should be interpreted with 
this in mind. Our research was conducted at a single 
medical center, potentially limiting the diversity of 
patient demographics and clinical scenarios encoun-
tered. Future multi-center studies could provide a 
broader perspective on the applicability of our pro-
posed bag-mask ventilation technique. Visual obser-
vations, such as measuring chest rise, are inherently 
subjective and susceptible to observer bias. While 
efforts were made to minimize bias, the possibility of 
subjective assessments affecting our results cannot be 
entirely eliminated. This study was conducted in a spe-
cific region and among a particular population, which 
may limit the generalizability of our findings to other 
ethnic or regional groups with distinct characteris-
tics. We studied only dominant hand in all three tech-
niques. Studying these techniques both with dominant 
and non-dominant hand can give a better view of their 
performance in real practice.

Conclusion
In the present study, the success rate of BMV by hook 
method in manikins was 93.7%. In the study on patients, 
the success rate of BMV by hook technique was 93.9 
vs. 87.2% compared to the E/C technique. The results 
expressed that due to the chin lift maneuver while the 
mask is fixed on the face, for resuscitators with small 
hands and for long-term use without fatigue and finger 
pain, this method can be suggested as a new Bag-Mask 
Ventilation method. This study leads to the development 
of a new method for bad-mask ventilation called the 
hook method.

Fig. 5 Trend of Pco2 changes at measurement times by E / C, T/E and hook methods
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