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Hypoxaemia in adults 
in the post-anaesthesia 
care unit 

M. Denise Daley BS~ MO ~CPC, 
Peter H. Norman asc MD ~CPC, Maria E. Colmenares Mr), 
Alan N. Sandier asc MB Cha n~CPC 

Continuous pulse oximetry was performed on 173 adults after 

general anaesthesia for elective inpatient surgery, throughout 

their post-anaesthesia care unit (PACU) stay. Supplemental 

oxygen was administered for >-30 mitt after arrival and 

subseq,lently discontinued before discharge to the ward. The 

mean and minim,~m oxyhaemoglobin saturation (Sp02) after 

discontinuing oxygen were lower than those values achieved 

during oxygen administration and preoperatively (P < 0.001). 

At least one hypoxaemic episode (Sp02 <-90% for >-15 sec) 

occurred in 70 subjects (41%) and 45 of these had a moderate- 

severe episode (SpOz >--90%for <-2 rain or Sp02 <-85%). The 

hypoxaemic episodes began 20 +- 20 min (range I -  I00; median 

15) after discontinuing supplemental oxygen. Cyanosis was 

detected in only four of the 70patients who desaturated. Factors 
associated with hypoxaemia were: ASA physical status class; 

surgical duration >-90 mitt; and preoperative mean Sp02 

<95%. Factors not associated with hypoxaemia were: age, sex, 

% ideal body weight, smoking history, preoperative minimum 

Sp02, premedication and type of s,~rgery. In conclusion, after 
discontinuing supplemental oxygen in the PACU, hypoxaemia 
was common, difficult to detect clinically, and associated with 

ASA class, s,~rgical duration and preoperative mean Sp02. 

Nous avons monitorE continuellement la saturation artdrielle en 

oxygdne par oxymEtrie puls~e en salle de rEveil chez 173 adultes 

hospitalisEs pour une intervention chirurgicale Elective. Les 
patients respiraient un supplement d'oxygEne pendant les 30 
premidres minutes de leur sdjour en salle de r~veil. Les valeurs 

minimales et moyennes en oxyhEmoglobine enregistr~es aprds 
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l'arrEt du supplement en oxygEne diminuaient en dessous de 

ceUes de la pEriode prEcEdente et de celles mesurEes avant 

r intervention chirurgicale. Au moins un Episode d'hypoxEmie 

(Sp02 <-90% durant au moins 15 sec) est survenu chez 70 

patients (41%) et I'hypox(mie Etait importante (Sp02 <<-90% 

pendant au moins 2 rain ou SpOz >-85%) chez 45 d'entre etzx. 

File apparaissait de I gt I00 minutes aprEs l'arrEt du supplement 

en oxyg~ne, moyenne : 20 rain, Ecart-type : 20 rain, m(diane : 15 

rain. Seuls quatre des patients qui d~saturaient arboraient de la 

cyanose. Les facteurs associEs t~ la survenue de l'hypoxEmie 

Etaient la classe ASA, un intervention chirurgicale de plus de 90 

rain et une Sp02 moyenne <95% avant r intervention. L'rge, le 

sexe, le poids des patients de mEme qu'une histoire de 

tabagisme, la Sp02 minimale prEopEratoire, la prEmddication 
et le type d' intervention chirurgicale n ' influen#aient pasr  inci- 

dence d'hypoxEmie en salle de rEveil. 

The immediate postoperative period is a potentially 
high-risk time for the occurrence of hypoxaemia. Conse- 
quently, supplemental oxygen is administered routinely 
in the initial post-anaesthesia care unit (PACU) stay in 
many institutions. For most patients, however, it is 
usually discontinued before discharge to the ward, based 
on clinical criteria such as being awake with normal vital 
signs and no respiratory distress. This practice assumes 
that patients who fulfill these criteria are no longer at risk 
of hypoxaemia. The validity of this assumption has not 
been established and the available literature suggests that 
it is not valid, t-5 

Pulse oximetry, by providing accurate, ~ objective 
measurements of oxygenation continuously and nonin- 
vasively is a useful technique for assessing the incidence 
of hypoxaemia in the PACU. In this study, it was 
employed in a diverse group of adults following general 
anaesthesia for elective inpatient surgery, throughout 
their PACU stay. Only those patients who usually have 
the supplemental oxygen discontinued before leaving the 
PACU were included. The incidence, severity, and time 
of onset of hypoxaemia and the relationship to possible 
associated factors were examined. 

Methods 
The study was performed in accordance with our institu- 
tional review board. Informed consent was obtained from 
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TABLE I Patient exclusion criteria 

Supplemental oxygen is not usually discontinued 
- severe cardiopulmonary disease 
- morbid obesily* 
- thoracic, airway, intracranial surgery 
Positive pressure venlilation is usually required 
- major vascular surgery 
- cardiac surgery 
A disorder of respiratory regulation 
- sleep apnea syndrome 
- any neurological disease 
Pulse oximetry may be an unreliable indicator of arterial oxygenalion 

- anaemia'[" 
- hypotension:l: 

*>200% of the ideal body weight (IBW), as determined by the 
formulae: TM 

males: IBW (kg) = height (cm) - 100 
females: IBW (kg) = height (cm) - 105 
"l'Haemoglobin < 100 gl-* preoperatively or <90 gl-* in the PACU. 
:l:Systolic blood pressure < 100 mmHg preoperatively or <90 mmHg in 
the PACU. 

174 subjects scheduled for elective inpatient surgery. The 
inclusion criteria were: ASA physical status class I-I11; 
>-40 yr old; and surgery requiring general anaesthesia 
with tracheal intubation and positive pressure ventilation. 
The exclusion criteria are indicated in Table I. 

The anaesthetic management was left to the discretion 
of the attending anaesthetist. The management in the 
PACU was also not actively influenced and the PACU 
staff were kept unaware of the results unless a moderate- 
severe hypoxaemic episode occurred (see below for 
definition). All patients were transferred from the operat- 
ing room to the PACU breathing room air. Upon arrival in 
the PACU, supplemental oxygen was administered by a 
Hudson face mask at 10 L.min -~. This was removed 
after at least 30 min at the PACU nurse's discretion 
according to our usual PACU criteria (awake, with 
normal strength and vital signs, and no respiratory 
distress). Discharge was also determined by the PACU 
staff but required at least 45 min after removing the 
oxygen. 

The subjects were monitored continuously with a pulse 
oximeter (Nellcor N-100 | from five min after arrival in 
the PACU until discharge. The alarms on the machine 
were turned off. The sensor was placed on a finger of the 
arm opposite the blood pressure cuff. An investigator 
constantly observed the patient and monitoring apparatus 
to ensure the presence of an adequate pulse signal and to 
eliminate artifacts produced by such events as patient 
movement or sensor dislodgement. The oxyhaemoglobin 
saturation (SpO2) was recorded manually every five min 
and any time it decreased below the preceding five min 
value. The five min values were used to calculate the 
mean SpO2 and all were used to determine the minimum 

SpO2. A hypoxaemic episode was defined as an SpO2 
-<90% lasting at least 15 sec. During these episodes, the 
respiratory rate (RR), respiratory pattern, presence or 
absence of central cyanosis, minimum SpO2, duration of 
episode and level of consciousness (LOC) were recorded. 
The respiratory pattern was determined by visual inspec- 
tion of the subjects' chest and abdominal movements. The 
LOC was graded as: l = fully awake; 2 = drowsy/asleep 
but easily aroused; or 3 = asleep and difficult to arouse. A 
moderate-severe episode was defined as an SpO2 -<90% 
for at least two min or an SpO2 -<85% for any duration. 
When these occurred, the PACU staff were notified, the 
patient was stimulated and supplemental oxygen re- 
sumed. The oxygen was administered for the remainder of 
the PACU stay and continued until the next day. Supple- 
mental oxygen was also administered at the time of 
discharge from the PACU if, 'in the ten min before 
discharge, any hypoxaemic episode occurred or the S p O 2  

was consistently 91-92%. The blood pressure, RR and 
LOC were also recorded routinely every 15 min in all 
subjects. The latter two measurements were performed 
while the patients were undisturbed, before the blood 
pressure was obtained. 

Preoperative pulse oximetry was performed on 116 of 
the subjects for 15 min while resting quietly the night 
before surgery. The SpO2 was recorded at one-minute 
intervals and any time it decreased below the preceding 
one-min value. The mean preoperative SpO2 was deter- 
mined from the one-minute values and the minimum using 
all values. If the preoperative SpO2 was <91% at any time 
the patient was excluded from the study. This resulted in 
one patient being excluded, leaving a total of 173 
subjects. 

After the PACU data were collected, the patients' 
charts were reviewed to obtain information regarding 
factors which may be associated with the occurrence of 
hypoxaemia. 

The data are presented as mean _-- SD and range unless 
otherwise indicated. One-way repeated measures AN- 
OVA was used to analyze the mean and minimum SpO2 
values preoperatively, while receiving supplemental oxy- 
gen in the PACU and after its removal. P o s t - h o c  analyses 
using univariate F-tests were performed to compare the 
SpO2 values at individual times. The fractions of desatur- 
ating and non-desaturating patients with a RR < 10 bpm 
were compared by the Fisher exact test. The potential 
associated factors were examined by multiple logistic 
regression analysis. The analysis of the age group data 
from the Moiler et al.  5 study reported in the Discussion 
was performed with Chi-square tests. All analyses were 
performed using the Systat | and Systat-Logit | (Systat, 
Evanston, Illinois) computer software programs. A P 
value <0.05 was considered statistically significant for 
all the analyses except the F-tests. For these, P < 0.001 
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FIGURE I Average mean SpO2 (mean _.+ SD) preoperatively (preop); during the first 30 min of supplemental oxygen administration in the PACU 
(5 on - 30 on); and during the first 45 min after discontinuation of the oxygen therapy (5 off - 45 off). The numbers in brackets indicate the 
number of patients included in the calculation of the SpO2 at each time interval. *P < 0.001 vs preop and 5 o f f -  45 off. 1" P < 0.001 vs 10 off - 45 
off. :I:P < 0.001 vs preop. 

was required, using the Bonferroni correction due to the 
multiple comparisons performed. 

Results 
Of the 173 subjects examined in this study, 77 were male 
and 96 were female. The mean age was 59.3 - I 1.7 yr 
(40-92) and % ideal body weight was 119 --- 25 
(73-189). All patients except one received a "balanced" 
anaesthetic, with intravenous agents, N20 (60-70%) and 
isoflurane or halothane. The exception had a narcotic- 
based anaesthetic with no potent inhalational agents. No 
subjects were withdrawn from the study due to anaemia or 
hypotension in the PACU. 

The subjects were monitored in the PACU for 57 --. 27 
min (30-170) while receiving supplemental oxygen and 
49 - 27 min (5-130) after its removal. An SpO2 value 
was not obtainable in 12 subjects at 5 min after arrival in 
the PACU and in one subject at 10 min after arrival, due to 
patient movement or peripheral vasoconstriction. In 131 
patients, SpO2 values were recorded for at least 45 min 
after discontinuing the supplemental oxygen. For the 
other 42 subjects, values were not available for the entire 
45 min because the supplemental oxygen was resumed 
due to the occurrence of a moderate-severe hypoxaemic 
episode. The number of subjects included in the data 
analysis at each 5 min interval is indicated in Figure I. 

The average mean and minimum SpO2 values preoper- 
atively, while receiving supplemental oxygen in the 
PACU and after its discontinuation, are shown in Figures 

1 and 2. The minimum SpO2 while receiving supplemen- 
tal oxygen occurred at 21 --- 21 min (5-168; median 15) 
after arrival in the PACU. The minimum SpO2 while off 
oxygen occurred at 26 --- 18 min (2- 110; median 23) after 
discontinuing the supplemental oxygen and 82 --- 32 min 
(32-218; median 75) after arrival in the PACU. 

At least one hypoxaemic episode occurred in 70 (41%) 
of the subjects. A moderate-severe episode occurred in 45 
of these desaturators (64% of those who desaturated; 26% 
of all patients). Supplemental oxygen was administered at 
discharge to the ward in 59 (34%) of all subjects 
(including the 26% with a moderate-severe episode). All 
hypoxaemic episodes occurred after the supplemental 
oxygen was discontinued. Every moderate-severe epi- 
sode was managed successfully by resuming the oxygen 
therapy. The hypoxaemic episodes started 20 --+ 20 min 
( I -  100; median 15) after discontinuing the supplemental 
oxygen and 83 --+ 31 min (32-185; median 80) after 
entering the PACU. The number of patients who started to 
desaturate during each 5 min epoch is shown in Figure 3. 

For those subjects who desaturated, the number of 
hypoxaemic episodes per patient was 5 --- 5 ( I -24;  
median 3), with mean and maximum durations of 93 +-- 78 
sec (15-310; median 70) and 146 -+- 96 sec (15-357; 
median 140), respectively. The minimum SpO2 during 
the episodes was 86.8 +-- 2.1% (81-90; median 87). These 
values probably underestimate the number and severity of 
the episodes that would have been attained without the 
intervention of this study because the supplemental 
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FIGURE 2 Average minimum SpO~ (mean +- SD) preoperatively 
(preop); while receiving supplemental oxygen in the PACU (on 02); 
and after discontinuation of the supplemental oxygen (off O2). *P < 
0.001 vs preop and offO2. "['P < 0.001 vs preop. 

FIGURE 3 The number of patients who starled to desaturate during 
each five-min epoch after discontinuation of the supplemental 
oxygen in the PACU. 

oxygen was resumed immediately when a moderate- 
severe episode occurred. The RR was <10 bpm (6-8 
bpm) in seven patients during at least one of their 
hypoxaemic episodes. Four patients who did not desatur- 
ate also had at least one recorded RR < l0 bpm during the 
routine assessment of RR every 15 min. These fractions 
(7/70 vs 4/103) were not significantly different. Respira- 
tory pattern abnormalities were present in 36 patients 
while hypoxaemic, including: partial upper airway ob- 
struction (21); forced expiration (6); shallow respirations 
(5); and Cheyne-Stokes breathing (4). Since the presence 
or absence of these abnormalities was only recorded by 
the investigator during hypoxaemic episodes, it is not 
known whether they occurred in the same patients when 
they were not hypoxaemic or in those subjects who did not 
desaturate. All patients except one had a LOC score of 2 
while hypoxaemic. The exception had a score of I. 
However, all patients, whether hypoxaemic or not, had a 
score of 2 for the majority of their PACU stay. Cyanosis 
was detected by the investigator in only four subjects 
during their hypoxaemic episodes. It was noted by the 
attending PACU nurse in only one patient. 

Factors associated with the occurrence of at least one 
hypoxaemic episode are shown in Table It. Those not 
associated were: age (40-64 yr 49/I 14; ->65 yr 21/59); 
sex (male 32/77; female 38/96); smoking history (current 
12/31; past 27/51; never 31/91); % ideal body weight 
(<120% 31/97; ->120% 39/76); premedication (yes 
52/123; no 18/50); surgical site (peripheral 28/59; perine- 
al 5/33; lower abdominal 12/35; upper abdominal 25/46); 
and preoperative minimum SpO2 (<95% 25/45; ->95% 
19/68). The lack of an association persisted when the 
variables were redefined as: premedication- narcotic vs 
benzodiazepine vs none; smoking history - current vs 
past and never or current and past vs never; and surgical 
site - peripheral and perineal vs lower abdominal vs upper 

TABLE II Factors associated with hypoxaemia 

% patients 
with > I 

Number of hypoxaemic 
patients episode P value 

ASA physical status class 
I 39 26 <0.01 
II 104 37 
Ill 30 73 

Surgical duration 
<90 min 77 27 <0.05 
~>90 min 96 5 I 

Preoperative mean SpO2 
~>95% 98 32 <0.01 
<95% 15 87 

abdominal or peripheral and perineal vs lower and upper 
abdominal. 

Discussion 
The potential for hypoxaemia during the early recovery 
period following general anaesthesia has been known for 
decades. In the 1960's and early 1970's, several studies 
reported an average decrease in PaO2 in the first two hours 
after surgery of 0 .9-2.4 kPa (7-18 mmHg), obtained by 
one to three discrete blood gas analyses per subject. 9-n~ 
More recently, pulse oximetry has been used to assess 
oxygenation in the PACU. Due to its continuous and 
noninvasive qualities, the pulse oximeter is well suited to 
monitoring large numbers of patients over time. 

Previous PACU pulse oximetry studies have usually 
concentrated on one of two time periods: at arrival in 
the PACU; and during the PACU stay. The current study 
is an example of the latter because five minutes elapsed 
after arrival in the PACU (while subjects breathed supple- 
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TABLE III Previous pulse oximetry studies involving adults in the PACU 

C A N A D I A N  J O U R N A L  OF A N A E S T H E S I A  

ASA In. or out- Type of  Type of 
Subjects Monitoring Age class patients anaesthesia surgery Incidence of  hypoxaemia Authors 

161 Intermittent Paediatric I-III In- and out- General Various 0.6% (SpO2 < 90%)* Hudes ET 
and adult ( 104 peripheral) et al. L4 

164 Continuous Adult I-II Out- General Mostly 7% (SpO2 -< 92%) Murray RS 
gynecological 4% (SpO2 -< 90%) et al. J 

10 Continuous Adult I NA General Gynecological NA Lim G et al. 2 
and peripheral (mean minimum SpO2 90 "4" 3%) 

241 Intermittent NA I-IV 147 in- 165 general Various 14% inpalients (SpO2 -< 90%) Morris RW 
92 out- 76 regional I% outpatients (SpO2 -< 90%) et al. ~ 

101 Continuous Paediatric I-IV NA NA Various 18% (SpO2 < 90%) Nakalsuka M 
and adult et al. 4 

200 Continuous Adult I-IV NA General and Various 55% (SpO2 -< 90%) Moiler JT 
regional et al. 5 

NA = information not supplied by authors. 
*Data obtained only while patients received supplemental oxygen. 

mental oxygen) before monitoring was initiated. Al- 
though no studies have addressed the issue, it is probably 
appropriate to consider the two time periods as separate 
entities with potentially different causes and frequencies 
of hypoxaemia. For example, diffusion hypoxaemia and 
post-hyperventilation hypoxia may be important at the 
time of arrival in the PACU, but not during the later 
PACU stay. Several studies have reported hypoxaemia 
as a frequent occurrence on arrival in the PACU. 
Defining hypoxaemia as an SpO2 < 90%, incidences of 
19-61% have been noted in adult or teenager-adult popula- 
tions ~ t- ~3 The incidence during the PACU stay has been 
less extensively studied. Previous pulse oximetry studies 
which examined this period in adults are summarized 
(Table I11). 

In this study, hypoxaemia was not detected during 
supplemental oxygen administration. This supports the 
usual clinical assumption and agrees with most previous 
studies.t4 However, Moiler et al .  ~ reported at least one 
hypoxaemic episode in 32% of a diverse group of adults. 
This may have been due to their use of nasal oxygen at ->3 
L.min -t. Williams et a l . ,  t5 comparing different modes 
and rates of administration of supplemental oxygen in the 
PACU, noted a mean PaO2 of 12. I kPa (91 mmHg) with 
oxygen at 3 L. min- t by nasal cannula and 21.5 kPa ( 162 
mmHg) with 9 L. min -t by Hudson face mask. 

Analyzing the average mean SpO2 over time revealed 
an increase above the preoperative value during oxygen 
therapy, a decrease to a level similar to that preoperatively 
at five minutes after discontinuation of the oxygen and a 
further decrease below the preoperative value at 10 min 
offoxygen and later. The mean SpO2 values at 10 to 45 
min off oxygen were similar. However, it must be noted 
that throughout the period off supplemental oxygen, 

progressively more patients were removed from the study 
due to moderate-severe hypoxaemic episodes. Therefore 
the average mean SpO~ values at these times did not 
include the more severe desaturators and are probably 
higher than they would have been without the intervention 
of this study. The time course noted by Lim et al .  2 

showing a progressive decrease in SpO2 in the first hour 
after discontinuation of the supplemental oxygen and then 
a progressive increase, may more closely approximate the 
natural, undisturbed situation (at least in healthy adults 
after gynaecological or peripheral surgery). 

At least one hypoxaemic episode occurred in 41% of 
the subjects after removal of the supplemental oxygen and 
64% of these had a moderate-severe episode. This 
incidence is higher than we expected, especially since we 
included only those patients whom we usually considered 
to be at low risk of desaturating. It is also higher than most 
of the previous studies in this field. This disparity may be 
attributed to the use of only intermittent monitoring, 3 
selection of only ASA 1-1I patients,~ and/or inclusion of 
younger subjects I-4 in these other studies. Our incidence 
is closer to, although slightly lower than, the 55% 
reported by Moiler et al.  5 However, a direct comparison 
with our data is not appropriate since this 55% included an 
8% incidence of hypoxaemia on arrival in the PACU and a 
32% incidence while receiving supplemental oxygen (as 
discussed above). 

The time of onset of hypoxaemic episodes was vari- 
able, with a mean of 20 min and median of 15 min after 
removal of the supplemental oxygen. For most patients 
the onset was within the first 30 min while off oxygen but 
in six cases the episodes started after 45 min. Since 
discharge to the ward was permitted at ->45 min after 
discontinuation of the supplemental oxygen, our inci- 
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dence of hypoxaemia after this time may be an underesti- 
mate. Studies using more extended periods of monitoring 
are required to address this issue. 

Cyanosis was detected in only four (6%) of the 
desaturating patients. This is similar to the 5% previously 
reported by Moller's group 5 and supports the classical 
observations of Comroe and Botelho that "visual impres- 
sions of cyanosis are unreliable. ''t6 

Although the aetiology of the hypoxaemic episodes 
was not directly addressed in this study, several observa- 
tions were noted which may aid in designing future 
studies to assess this. The RR was <10 bpm in only 10% 
of the patients when hypoxaemic which was similar to the 
incidence in non-hypoxaemic patients. This suggests that 
a low RR per se is an insensitive and nonspecific predictor 
of hypoxaemia. The aetiological role of hypoventilation, 
however, cannot be assessed without concomitant mea- 
surement of tidal volumes. Respiratory pattern abnormal- 
ities, especially partial upper airway obstruction, were 
noted frequently during the hypoxaemic episodes. How- 
ever, because of the subjective method of assessment and 
the lack of information whether such abnormalities 
occurred at other times, it is not appropriate to suggest a 
causal relationship. Continuous objective respiratory 
pattern monitoring is necessary to address this issue 
properly. Although our institution's official criteria for 
discontinuation of supplemental oxygen required the 
patients to be awake, all subjects had a LOC score of 2 
(drowsy/asleep but easily aroused) for the majority of 
their PACU stay. The LOC score therefore did not differ 
between subjects during the hypoxaemic episodes and 
the same patients when not hypoxaemic or the non- 
desaturating patients. However, the scale used to assess 
this was quite gross, containing only three categories. A 
scale with more categories may have detected more subtle 
differences in LOC. 

Factors associated with the occurrence of at least one 
episode of hypoxaemia were: ASA physical status class; 
surgical duration >-90 min; and preoperative mean SpO2 
< 95%. The association with ASA class and surgical 
duration support the results of previous studies. 3'4 The 
association with the preoperative SpO2 is not surprising, 
but differs from one previous study t which examined this. 
That study, however, examined only healthy outpatients, 
all of whom had a preoperative SpO2 >- 95%. 

Factors not associated with the occurrence of hypox- 
aemia were: age, sex, % ideal body weight, smoking 
history, preoperative minimum SpO2, premedication, 
and surgical site. The lack of association with sex, ideal 
body weight, premedication and surgical site has been 
noted in most previous studies. 4's Morris et al . ,3 how- 
ever, reported obesity and body cavity surgery as predic- 

tive factors. Their statistical analysis may have accounted 
for the discrepancy because they: used no method to 
compensate for relationships between associated factors; 
and accepted a P value <0.05 for significance despite 
performing multiple comparisons, which would more 
appropriately require a lower P value (using the Bonfer- 
roni correction). The association with age has varied in 
previous studies. The association noted in some of these 
may be explained by differences in the age groups 
examined. For example, closer analysis of the Moiler et 

al.  s data reveals that although the 18-39 yr group had a 
lower incidence of hypoxaemia than those >-40 yr, there 
was no difference between the 40-60 yr and >60 yr 
groups, which are similar to the ages examined in the 
current study. Similarly, Morris's group 3 reported an 
association with age, but only examined the --<40 yr and 
>40 yr groups. This suggests that although adults <40 yr 
have a lower risk of developing hypoxaemia than those 
>40 yr, age beyond 40 yr is not an important predictive 
factor. The role of a smoking history is also controversial. 
This may be at least partly due to differences in the 
severity of chronic lung disease between the populations 
studied. In the current study, for example, subjects with 
severe lung disease were excluded. In addition, studies 
failing to distinguish between hypoxaemia on arrival in 
the PACU and during the PACU stay when assessing 
potential risk factors 4's are difficult to interpret, as 
discussed above. The association noted by Nakatsuka's 
group 4 is also questionable because their statistical 
analysis has the same deficiencies as the Morris et al. 3 

study. 
Although the pulse oximeter may have limitations, 

especially in the presence of peripheral vasoconstriction, 
it appeared to function well. It failed to provide data in just 
12 patients for only the first five to ten minutes after 
arrival in the PACU. The instrument used (Nellcor 
N-100 | has an accuracy of approximately ---2% in the 
SpO2 range examined in this study. 7's We acknowledge 
that a more sophisticated model with such features as a 
plethysmographic display, EKG synchronization and 
improved software, would have been preferable. 

The clinical importance of the hypoxaemic episodes 
detected in this study is unknown. The occurrence of 
moderate-severe episodes in 26% of the subjects is a 
potential concern and most clinicians would consider 
similar findings during the intraoperative period to be 
unacceptable. However, there is no evidence to suggest 
that such episodes in the PACU period effect morbidity or 
mortality. To the contrary, evidence of similar episodes 
during sleep in normal healthy adults suggests that they 
may simply reflect respiratory events occurring in normal 
sleep. Block's group, 17'Is for example, have noted at 
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least one episode of SpO2 < 90% in 43% of adult 
males and 40% of postmenopausal females during noctur- 
nal sleep. Further investigations including preoperative 
monitoring during sleep and outcome analysis will be 
necessary to assess the significance of postoperative 
hypoxaemia. 

In conclusion, 41% of the adult population studied had 
at least one episode of hypoxaemia during their PACU 
stay. A moderate-severe episode occurred in more than 
50% of the desaturating subjects. Cyanosis was detected 
in only 6% of the patients while hypoxaemic. ASA 
physical status class, preoperative mean SpO2 and surgi- 
cal duration were associated with the occurrence of 
hypoxaemia. 
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