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This randomized controlled trial compared the compliance of a 

blow-by oxygen method with the standardJbce mask by children 

recovering from anaesthesia. The rate at which a face mask was 

rejected when applied to infants and children in PACU was 

compared with that of a proposed "hose" method. The efficacy 

of the "hose" as a method of oxygen supplementation in children 

at low and high risk for developing postoperative hypoxaemia 

was also compared with the face mask. Using a Nellcor N-200 

pulse oximeter, 66 infants and children (mean age 2.3 yr, range 

2 mo-6yr )  were continuously monitored for30 rain upon arrival 

in the PACU. Patients were randomized to receive oxygen 

supplementation with either the face mask or the proposed 

"hose" method. The results showed a greater than 80 per cent 

rejection of the face mask in contrast to lOOper cent compliance 

with the "hose" method. The Sa02 measurements following 5, 

15 and 30 min of  02 supplementation with the hose were all 

significantly higher than the Sa02 measurements obtained on 

room air upon arrival to the PACU. Patients" with pre-existing 

cardiopulmonary disease had a 20 per cent incidence of arterial 

oxygen desaturation upon arrival to the PACU versus 2.1 per 

cent of patients with no pre-existing disease. It is concluded that 

the "hose" is associated with high patient compliance and is 

effective in the PACU in increasing the Sa02 in children at low 

or high risk of developing postoperative hypoxaemia. 
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Cette Etude randomisEe et contr61de compare la compliance de 

la mdthode d'~ insuflation ,~ de l'oxygEne avec celle du masque 

facial standard pour les enfants en pdriode de rEveil de 

l'anesthdsie. Le tau.x de rejet du masque, quand applique altr 

bEbds et enfants d I'unitd de soins postanesthEsiques, a ErE 

compare avec celui propose et appeld la mdthode par ~ insufla- 

tion ~. L' efficacitE de cette derni~re mdthode pour l'oxygEnation 

des enfants ~ risque faible ou dlevE de dEvelopper de l'hypoxd- 
mie postopdratoire a aussi dtd comparde avec la mdthode du 

masque facial. Utilisant le Nellcor N-200 saturomktre de pouls 

66 bdbEs et enfants (moyenne d' dge 2,3 ans, dcart 2 mois-6 ans) 
ont dtE surveillds continuellement pour 30 minutes d~s l'arrivde 

d l'unitE des soins postanesthEsiques. Les patients furent 

randomisEs afin de recevoir de l'oxygdne par I'une ou I'autre 

des mdthodes. Les rdsultats ont ddmontrd un plus grand taux de 

rejet du masque facial (80 pour cent) et une compliance de 100 

pour cent d la mdthode d' ,~ insuflation ,~. Les mesures de la SaO2 

aprds 5, 15 et 30 minutes de supplement d'oxygkne par 

~ insuflation ~, dtaient aussi significativement supdrieures alvc 

saturations d mesurer d l'arrivEe d I'unitd des soins postanes- 

thdsiques avec I'air libre. Les patients ayat,t des maladies 

cardiopulmonaires prd-existantes avaient une incidence de 20 

pour cent de dEsaturation artdrielle des leur arrivEe d I' unite des 

soins postanesthEsiques versus 2,1 pour cent chez les patients 

qui dtaient exempts de maladie prd-existante. On conclut que la 

mdthode d'~ insuflation ,~ est associEe avec une plus grande 

acceptation par le patient e ta  EtE efficace afin d'augmenter la 

saturation Sa02 d l'unitd des soins postanesthdsiques chez les 

enfants ayant un risque faible ou dlevd de dEvelopper de 

l' hypoxdmie postopEratoire. 

Hypoxaemia following general anaesthesia in infants and 
children has been well documented. ~.2 The face mask is 
a widely used method of  administering oxygen in the 
post-anaesthesia care unit (PACU). However, application 
of  a face mask for oxygen therapy frequently provokes 
unnecessary agitation and anxiety. There may also be a 
risk of damage to the eyes from the mask or strap during 
this excitable period. The "hose" method is a blow-by 
oxygen technique. There are no reports in the literature 



5 0  C A N A D I A N  J O U R N A L  O F  A N A E S T H E S I A  

f ~ ~ ~ - i  nch tubing '~' ( /! - -  t a p e  

FIGURE Proposed "hose" method of oxygen administration. 

documenting continuous pulse oximetry with the use of 
any blow-by method. Current practice is to administer 02 
to all paediatric patients recovering from anaesthesia. 

The objectives of this study were: to determine the 
incidence at which the "standard" face mask was rejected 
in the PACU in comparison with the "hose," and to 
determine whether the proposed "hose" method was 
effective in increasing the SaO2 from baseline on room 
air, in infants and children recovering from anaesthesia. 

Methods 
The study was approved by the institutional review board 
and parental consent was obtained. Seventy-two ASA 
physical status !-111 patients between two months and six 
years of age, scheduled for surgery under general anaes- 
thesia, were entered into the study. Patients were exclud- 
ed from the study if they had a tracheostomy or if tracheal 
intubation was continued postoperatively. Premature 
infants weighing less than 3.5 kg requiring a head box for 
postoperative oxygenation and patients requiring nebu- 
lized medications in the PACU were also excluded from 
this study. The patients were then randomly allocated to 
receive oxygen supplementation in the PACU by either a 
face mask (n = 36) or by the "hose" method (n = 36), 
(Figure). Patients were further identified within their 
allocated group of 02 supplementation to be at low and 
hiqh risk of developing postoperative hypoxaemia. The 
high risk criteria were: patients with a history of coexist- 
ing lower and/or upper respiratory tract disorders, a 
history of prematurity (up to 50 wk postconceptual age), 
anaemia (haematocrit -< 28 per cent), sickle cell disease, 
obesity, and cardiac disease (Table 1). The choice of pre- 
medication or anaesthetic technique was not restricted. 
The decision to administer muscle relaxants and/or opioid 
analgesics was made by the staff anaesthetist caring for 
the patient. Arterial oxygen saturation (SaO2) measure- 
ments were obtained in the operating room using the 
Nellcor N-100 and in the PACU using the Nellcor N-200 
with ECG-synchronization. With the exception of two 

patients in whom anaesthesia was induced with thiopen- 
tone, the patients had a mask induction of anaesthesia 
with nitrous oxide and halothane. The initial study 
measurements were made as soon as the child ceased 
moving after induction of anaesthesia. Upon completion 
of surgery the patients received 100 per cent 02 by mask 
for 3-5 min and then were allowed to breathe room air for 
three minutes before and during transfer to the PACU. 
Pulse oximetry measurements were obtained in the fol- 
lowing sequence: during induction FIO2 0.3, at the end of 
surgery after breathing room air for three minutes, upon 
arrival in the PACU after breathing room air for three 
minutes, and at 5, 15 and 30 min following 02 supple- 
mentation in the PACU. Although recordings of SaO2 
were made at six time points, the patients were continu- 
ously monitored for 30 min. Blood pressure and heart rate 
were also recorded at the same intervals. In the PACU, 
following baseline measurements, humidified oxygen 
supplementation consisted of 6-8  L. min-t to patients <2 
yr and at 8-10 L. min-~ to patients 2-6  yr of age, with 
either method of delivery. Lower fresh gas flows were 
delivered to children <2 yr to minimize cooling and the 
diving reflex. Rejection of the 02 delivery source was 
defined as the sudden appearance of agitation, grimacing 
and crying provoked by applying the 02 supplementation 
in infants from two to six months old or the physical 
removal of the 02 supplementation source by children 
from six months to six years of age. If the face mask was 
rejected, following two attempts by the nurse, the patient 
was switched to the "hose" method and the study 
measurements were obtained as per protocol. No patient 
was allowed to breathe room air following rejection of the 
02 supplementation source. The presence or absence of 
crying, restlessness, nausea, vomiting, airway obstruc- 
tion and the need for sedation were also recorded by the 
n u r s e .  

Statistical analysis 
The difference between the proportions of patients who 

TABLE I Coexisting disease in the high-risk group 

Number of patients Coexisting disease* 

6 Airway obstruction 
5 Asthma 
5 Upper respiratory tract infection 
3 Ex-premature 
3 Apnoea 
2 Sickle cell disease 
1 Pneumonia 
I Cardiomyopathy 
I Tracheomalacia 

*Some patients had more than one disease. 
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TABLE II SaO2 measurements in the PACU 
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T, 7"2 7] T4 

Group n Mean ~ SD Range Mean ~ SD Range Mean +- SD Range Mean 2 SD Range 

I Low risk 25 97.4 + 2 91-100 99.5 2 0.8* 97-100 
High risk 9 94.1 ~ 4.3 88-100 99.6 --- 0.5* 99-100 

II Low risk 17 97.5 --- 2.5 91-100 99.5 2 1.1" 96-100 
High risk 9 92.7+-. 10.1 68-100 99.0--- 1.3" 96-100 

III Low risk 4 94.5 2 5 88-100 99.8.4- 0.5* 99-100 
High risk 2 95.5 --- 0.7 95-96 100 2 0* 100 

99.3 20.9* 97-100 
99.6 2 0.7* 98-100 

99.6 - 0.7* 98-100 
98.222.5* 92-100 

100 +- 0.0" I00 
99.5---0.7* 99-100 

99.3 --- 1.0" 96-100 
99.3 2 0.9* 98-100 

99.5---0.8* 98-100 
99.2 2 0.8* 98-100 

99.32  1.0" 98-100 
99.5 2 0.7* 99-100 

*P < 0.05, SaO2 significantly higher than baseline for each subgroup, respectively. 
T~ - Room air, baseline SaO2 in PACU. 
T2 - 5 min following O2 supplementation. 
T 3 - 15 rain following 02 supplementation. 
T4 - 30 min following 02 supplementation. 

rejected the assigned 02 supplement method were tested 
using Fisher's exact test; changes in 02 saturation and 
heart rate were tested using a paired and unpaired t test. 
All tests pertbrmed were two-tailed with P < 0.05 
considered statistically significant. The Bonferroni multi- 
ple comparison procedure was used to adjust the type-I 
error, because two tests were performed for the two strata. 
T h e  Kruska l  Wal l i s  test w a s  used  to c o m p a r e  SaOz  

measurements in the PACU among the patients who were 
allocated to the "hose" treatment, those rejecting the mask 
but used the "hose" and those allocated to receive the 
mask also used the mask. 

Results 
Sixty-six patients completed the study, 34 were allocated 
to the "hose" treatment and 32 to the mask treatment. Of 
the six patients who were excluded, two required nebu- 
lized aerosol therapy for asthma, three were extremely 
active and baseline data could not be obtained in the 
PACU, and in one patient the trachea remained intubated 
upon arrival to the PACU. The mean age for the entire 
study population was 2.3 --- 1.5 yr. 

Rejection of oxygen supplementation 
The incidence of rejection of the mask within the first five 
minutes in PACU was 81.0 per cent ( 17/21) in the low-risk 
group and 81.8 per cent (9/I 1 ) in the high-risk group. No 
patient rejected the hose in either group. There was no 
association among all four groups between rejection of the 
mask and crying, restlessness and need for sedation 
throughout the stay in the PACU. 

Sa02 measurements 
The induction SaOz (FIOz 0.3) measurements were not 
statistically different from the SaO2 measurements on 

room air at the end of surgery (prior to transfer) among all 
groups. 

Three subsequent groups were identified for analysis. 
Group 1 included patients allocated to the "hose" treat- 
ment and used the "hose." Group I1 included patients that 
were allocated to the mask treatment but were switched to 
the "hose" following rejection of the mask. Group III 
pa t ien t s  w e r e  a l loca ted  to the m a s k  t r e a t m e n t  and used  the 

mask. The improvements in SaO2 measurements from 
room air following administration of 02 with the hose were 
statistically significant (P < 0.05) for both the low- and 
high-risk groups as shown in Table II. The mask sample 
size was small due to the high rate of rejection of the mask 
in the PACU. There were no significant differences 
among the groups in SaO2 at each of the time points 
(Kruskal Wallis test). 

Hypoxaemia in the PACU 
The incidence of oxygen desaturation (SaO2 < 90 per 
cent) on arrival at the PACU was 1/46 (2.1 per cent) in the 
low-risk group and significantly higher 4/20 (20 per cent) 
(P < 0.05) in the high-risk group. The patients that 
developed an SaO2 < 90 are described in Table I|1. 
Apnoea or airway obstruction was not observed in the 
patient with an SaO2 of 68 per cent. There was no associa- 

TABLE IIl Patients with SaO2 < 90 per cent in the PACU 

Risk Sa02 
group Coexisting disease Age ~,pe of surgery (%) 

Low None 4 yr Myringotomy 88 
High Sickle cell disease, URI 2 mo Hernia repair 68 
High Chronic secretions 14 mo Hernia repair 86 
High Tracheomalacia 8 mo Ptosis repair 88 
High Pneumonia I yr PDA ligation 88 
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tion between hypoxaemia (SaO2 < 90 per cent) and the 
use of barbiturates and/or opioids perioperatively. 

Discussion 
The occurrence of hypoxaemia and the benefit of adminis- 
tering oxygen in the immediate postoperative period have 
been documented in adults, I-8 as well as in infants and 
children. 9-14 The cause for this early deterioration in 
arterial oxygenation is probably multifactorial. Alveolar 
hypoventilation,X)/t) mismatch, right-to-left shunting of 
blood, depressed cardiac output and increased oxygen 
consumption due to hypertonic muscles and shivering are 
potential causative factors. 2 

There are several methods for administering oxygen to 
patients in the PACU. One objective of this study was to 
compare the rates of rejection of the face mask and the 
"hose." The face mask was used as the common method 
of oxygen supplementation in the PACU. Some children 
were crying upon arrival to the PACU, and that was noted 
by the PACU nurse. However, it was the additional 
agitation or physical removal that was caused by applying 
a face mask that we considered important. In this study, 
we found that patient compliance was 100 per cent when 
the "hose" was used compared with less than 20 per cent 
with the standard face mask. This does not imply that 
patients receiving the "hose" did not become agitated or 
grimace during their stay in the PACU. The second 
objective of this study was to determine the efficacy of the 
"hose" in increasing the baseline SaO2 measurements in 
the PACU on room air. We showed significant improve- 
ments in SaO2 from room air upon arrival to the PACU 
with the "hose" in both the low- and high-risk patients. 
Due to the high rejection of the mask, patients were 
switched to receive the "hose" (Group 11) and their SaO2 
measurements were subsequently made on the "hose." An 
important limitation of this study was the lack of a 
"control" group - patients who received no oxygen in the 
PACU. This was a difficult ethical issue since 02 is 
routinely given to all paediatric patients in early recovery. 
Thus, these patients were not allowed to breathe room air 
for the remaining time in the PACU. 

There are no other reports in paediatric patients 
describing the efficacy of a blow-by oxygen technique 
which the "hose" method represents. This method offers 
the benefit of oxygenation without physical contact with 
the child, which may be frightening and damage the eyes 
or face from the strap. The "hose" can be redirected by the 
nurse if the child moves his head. Although this may 
occur frequently in this population we have found that the 
compliance with this method is superior to the mask and 
our continuous oximetry monitoring did not reflect 
fluctuations in SaO2 once supplementation had begun. 

One consequence of blowing oxygen over the newborn's 
face is apnoea and bradycardia (the diving reflex). This 
was not seen in this study or in our practice with these 
fresh gas flows. 

In patients at low risk of developing postoperative 
hypoxaemia we found that one of 46 patients (2.2 per 
cent) had an SaO2 < 90 per cent, while four of 20 patients 
(20 per cent) at high risk developed an SaO2 < 90 per 
cent. Othersl~ have described an incidence of 0-43 per 
cent of SaO2 < 91 per cent in low-risk patients, and a 20 
per cent incidence in high-risk patients, J2 upon arrival to 
the PACU. The use of opioids did not increase the risk of 
desaturation in our experience as well as that of others, io 
Children may desaturate during transport before arrival in 
the PACU. 13.14 Most would agree that oxygen should be 
given in the PACU to infants and children in the immediate 
postanaesthetic period to overcome the relative hypoxia 
due to anaesthesia. Whether supplemental oxygen is 
indicated in all infants and children during transportation 
is controversial. Patel et al. 14 showed that 02 supplemen- 
tation during transport prevented hypoxaemia in most 
low-risk patients. However, in the case of a tragic event 
(e.g., laryngospasm etc.) a closed system with a reservoir 
would be necessary to prevent an adverse outcome. Of 
concern to us was the more severe and sustained desatura- 
tion observed in some high-risk patients in the PACU, and 
not seen in the low-risk group. Based on our results in the 
PACU and that of others 12'14 we agree with the use of 
oxygen supplementation during transportation in low- and 
high-risk patients and perhaps this would prevent severe 
desaturation on arrival to the PACU. We speculate that 
the "hose" method is suitable as a supplementation 
method in most patients, during transportation to the 
PACU, and is a simple and inexpensive apparatus. 

In summary, this study showed that the conventional 
face mask is rejected by > 80 per cent of infants and 
children in the immediate postoperative period. We 
recommend the use of the "hose" as an alternative method 
of oxygen administration because it is associated with 
greater patient compliance, as well as being effective in 
improving SaO2 from a room air baseline both in patients 
at low or high risk of developing postoperative hypox- 
aemia. We have also confirmed that patients with coexist- 
ing disease (cardiopulmonary/airway disorders, anaemia 
and ex-prematurity) are at higher risk of developing 
severe hypoxaemia in the immediate post-anaesthetic 
period. 
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