
Introduction

Preoxygenation with 100% oxygren is accomp-
lished prior to general anesthesia is induced. The 

purpose is to enhance oxygen reserves through 
displacement of nitrogen from functional residual 
capacity of  lungs, thus preventing arterial oxygen 
desaturation and hypoxemia. Inadequate face mask 
seal causes a leak that leads to inflow of atmospheric 

air into the circuit. The frequently performed methods 
for preoxygenation are inhalation of 100% oxygen at 
normal tidal volume (TV) for three to five minutes or 
eight full deep vital capacity (VC) breaths in one 
minute. The available literature declares VC techni-
que to be preferable to TV technique of preoxygena-
tion in terms of mean hemoglobin oxygen desatura-
tion time. However, not enough evidence is published 
locally. So TV technique for 3 min will be compared 
with 8 VC breathing technique for 1 min at an oxygen 
flow of upto 10 L/min and the measuring parameter 
for both techniques would be desaturation time.

Methods
The sample size was approximated as 60 cases by 
using 95% confidence level, 80% power of test with 
an expected mean time for haemoglobin oxygen 
desaturation as 3.73±0.76 minutes in TV group and 
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5.21±0.96 minutes in VC group11. Non-Probability, 
Purposive Sampling technique was used for selection 
of 60 patients belonging to either gender, between 18 
to 65 years of age, ASA I or II, with Mallampatti class 
of I or II, scheduled for elective surgery with ineffec-
tive face mask seal in patients with beard, mousta-
ches, facial anomalies, nasogastric tube, large nasal 
bridge and edentulous patients. But the patients who 
had cardiac disease, pulmonary disease, obesity, 
smoking history, pregnancy and who denied written 
informed consent were not incorporated in this 
research.After endorsement from the local ethical 
committee all 60 participants were randomly 
catagorized into two groups by using random number 
table. Patients in group A were advised to breath 
normally for three minutes and the patients in group B 
were directed to take 8 deep breaths for 1 minute. All 
the patients were given anxiolytics with intravenous 
nalbuphine (0.1mg/kg) and midazolam (2mg) prior to 
induction. Monitoring of peripheral oxygen 
saturation was done by pulse oximetry. After either 
technique of preoxygenation, induction for general 
anesthesia was initiated by injecting propofol 
(2mg/kg) and succinylcholine (1.5mg/kg) 
intravenously. Oxygenation via face mask was 
carried on until spontaneous breathing was ceased 
within 30 seconds after the injection of 
succinylcholine. The endotracheal tube was placed in 
trachea under direct vision and then initial end of the 
ETT was left open to room air. The time taken by 
hemoglobin oxygen saturation to fall from 100% to 
95% was noted and then at this point ETT was 
attached to ventilator for positive pressure ventilation 
after the tube position was confirmed. The entire 
statistical numbers and figures were recorded and 
scrutinized by using SPSS version 20.

• Numerical variables i.e age and time of desatu-
ration have been presented by mean ± SD. Inde-
pendent sample t-test been used to compare 
mean time of desaturation between the two 
groups taking p ≤ 0.05 as significant.

• Categorical variables i.e. sex has been presented 
as frequency and percentage.

• Data has been stratified for age and sex to deal 
with effect modifiers. Post-stratification inde-
pendent sample t-test has been used taking p ≤ 
0.05 as significant.

Results
The age of the participants varied between 22 to 65 
years with an average of 44.63±10.03 years. There 
were twenty nine (48.3%) male and thirty one 
(51.7%) female patients in these research groups as 
demonstrated in Table 1. The two groups were 
comparable in respect of mean age (p = 0.839) and sex 
distribution (p=0.796), illustrated in Table 2. The 
mean hemoglobin oxygen desaturation time was 
considerably longer in VC breathing group 
(6.77±1.10 vs 3.43±0.50 minutes; p=0.000) as 
compared to TV breathing group. This difference was 
appreciated across all age and sex groups as depicted 
in Table 3.

Table 1:  Baseline features of Study Population 

Features Participants 

n=60 

Age (years) 44.63±10.03

(22 - 65) 

Sex

• Male 29 (48.3%) 

• Female 31 (51.7%) 

Table 2:  Comparison of Baseline Features of Study 
Groups

Independent sample t-test, Chi-square test, p>0.05
TVB: Tidal Volume Breathing
VCB: Vital Capacity Breathing

Features
TVB

(n=30)

VCB

(n=30)
P value

Age (years) 44.37±10.12 44.90±10.10 0.839 

Sex

• Male 14 (46.7%) 15 (50.0%) 

• Female 0.796 

16 (53.3%) 15 (50.0%) 

Table 3:  Comparison of Mean Hemoglobin Oxygen 
Desaturation Time (minutes) between Study Groups

Independent sample t-test
* observed difference were statistically significant
TVB: Tidal Volume Breathing
VCB: Vital Capacity Breathing

Features 
TVB

(n=30) 

VCB

(n=30) 

P value 

Overall 3.43±0.50 6.77±1.10 0.000* 

Age Groups

• 22-35 years 3.40±0.55 6.80±0.84 0.000* 

• 36-50 years 3.44±0.51 6.76±1.20 0.000* 

• 51-65 years 3.43±0.54 6.75±1.17 0.000* 

Sex

• Male 3.43±0.51 6.73±1.16 0.000* 

• Female 3.44±0.51 6.80±1.08 0.000* 
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Discussion
Inadequate face mask seal is the most frequent reason 
of not attaining a greatest alveolar oxygen concen-
tration during preoxygenation prior to induction of 
general anesthesia that leads to inflow of atmospheric 
air into the circuit and decreases the concentration of 
oxygen present. The frequently performed methods 
for preoxygenation are inhalation of 100% oxygen at 
normal tidal volume (TV) for three to five minutes 
and eight full deep vital capacity (VC) breaths in one 
minute. The available literature declares VC techni-
que to be preferable to TV technique of preoxygena-
tion in terms of mean hemoglobin oxygen desatura-
tion time. However, not enough evidence was avail-
able in locally published research. The aim of this 
research was to compare the mean time for hemoglo-
bin oxygen desaturation by using tidal volume (TV) 
breathing technique for three minutes and 8 vital 
capacity (VC) breathing technique for pre-oxygena-
tion in patients with ineffective face mask seal. A 
randomized controlled trial was carried out at Depart-
ment of Anesthesiology and Intensive Care, Sir 
Ganga Ram Hospital, Lahore, six months after the 
acceptance of synopsis from 14th October, 2014 to 
13th April, 2015. This study included 60 patients 
belonging to both genders of age between 18 to 65 
years scheduled for elective surgery with inadequate 
face mask seal randomly divided in group A and 
group B. Group - A was preoxygenated by tidal 
volume (TV) breathing technique for three minutes at 
an oxygen flow of 10 litres per minute. However, 
Group B was preoxygenated with eight vital capacity 
(VC) breaths for 1 minute with oxygen flow of 10 
litres per minute. A documented informed consent 
was achieved  from every participant. The age of the 
participants varied between 22 to 65 years with an 
average of 44.63±10.03 years. An equivalent mean 
age has been stated previously by Rajan et al. in 2015 

102(47.90±12.17 years),  Kundra et al. in 2013 (40.40 
2±12.40 years),  Ramkumar et al. in 2011 (46.20± 

5 3
13.20 years),  Kang et al. in 2010 (42.20±2.30 years),  

8Delay et al. in 2008 (42.90±11.60 years)  and Singh et 
103al. in 2006 (41.40±7.39 years).  However, a much 

lower mean age of 29±5 years has also been noted by 
Taha et al. in 20094. There were twenty nine (48.3%) 
male and thirty one (51.7%) female participants in 
these research groups. A same female preponderance 
has also been pointed out by Kang et al. in 2010 

3
(46.67% vs 53.33%)  and Delay et al. in 2008 (21.43 

8
% vs 78.57%).  However, an equal gender distribu-
tion has been noticed by Taha et al. in 2009 (50.0% vs 

4
50.0%).  Moreover, a male prevalance was observed 

5
by Ramkumar et al. in 2011 (53.33% vs 46.67%).  
The two groups were comparable in respect of mean 
age (p=0.839) and sex distribution (p=0.796). Thus 
there was no inherent bias among the research groups. 
The mean hemoglobin oxygen desaturation time was 
remarkably greater in vital capacity (VC) breathing 
group (6.77±1.10 vs 3.43±0.50 minutes; p=0.000) in 
comparison with tidal volume (TV) breathing group. 
This variation  was appreciated among all age and sex 
groups. Our outcome is close to that of Rajan et al. in 

1022015 (6.87±1.78 vs 3.47±0.38 minutes; p<0.001).  
A similar considerably longer mean hemo-globin 
oxygen desaturation time has also been docu-mented 
in vital capacity (VC) breathing by Singh et al. in 

103
2006 (4.70±0.27 vs 3.70±0.44 minutes; p <0.005)  
and Baraka et al. in 1999 (5.21±0.96 vs 3.73±0.76 

11
minutes; p≤ 0.05)  in contrast to tidal volume (TV) 

breathing technique. This research is the initial and 
earliest of its kind in local population and has noted 
that vital capacity (VC) breathing technique of 
preoxygenation is  preferable  to tidal volume (TV) 
breathing in respect of considerably longer mean 
hemoglobin oxygen desaturation time (6.77±1.10 vs 
3.43±0.50 minutes; p=0.000) regardless of patient’s 
age and gender in patients with inadequate face mask 
seal scheduled for elective surgery. The findings of 
this study thus recommend and encourage the use of 
Vi ta l  Capaci ty  brea th ing  technique  for  
preoxygenation in patients with ineffective face mask 
seal going through elective surgery as it provides 
remarkably longer mean hemoglobin oxygen desatu-
ration time deferring the occurence of arterial oxygen 
desaturation and hypoxemia during the apneic period 
after the general anesthesia is induced.

Conclusion
The mean hemoglobin oxygen desaturation time was 
considerably longer in vital capacity (VC) breathing 
group (6.77±1.10 vs 3.43 ± 0.50 minutes; p=0.000) in 
comparison to tidal volume (TV) breathing group 
regardless of patient’s age and gender in patients with 
ineffective face mask seal going through elective 
surgery.
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