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Abstract

Purpose The incidence of hypoxemia in patients under-
going surgery is largely unknown and may have a clinical
impact. The objective of this study was to determine the
incidence of intraoperative hypoxemia in a large surgical
population.

Methods We performed a retrospective study of elec-
tronically recorded pulse oximetry data obtained from two
large academic medical centres. All adults (age > 16 yr)
undergoing non-cardiac surgery during a three-year per-
iod at the two hospitals were included in the analysis. Our
main outcome measure was the percentage of patients with
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episodes of hypoxemia (SpO, < 90) or severe hypoxemia
(Sp0O;, < 85) for two minutes or longer during the intra-
operative period (induction of anesthesia, surgery, and
emergence).

Results We evaluated 95,407 electronic anesthesia
records at the two hospitals. During the intraoperative
period, 6.8% of patients had a hypoxemic event, and 3.5%
of patients had a severely hypoxemic event of two con-
secutive minutes or longer. Seventy percent of the
hypoxemic episodes occurred during either induction or
emergence— time periods that represent 21% of the total
intraoperative time. From induction to emergence, one
episode of hypoxemia occurred every 28.9 hr, and one
episode of severe hypoxemia occurred every 55.7 hr of
intraoperative time.

Conclusion Despite advances in monitoring technology,
hypoxemia continues to occur commonly in the operating
room and may be a serious safety concern because of its
potential impact on end organ function and long-term
outcomes. Further studies are needed to improve our
understanding of the clinical impact of intraoperative
hypoxemia and the strategies that will be most useful in
minimizing its occurrence.

Résumé

Objectif L’incidence de I’hypoxemie chez les patients
subissant une chirurgie est tres mal connue et pourrait avoir
des repercussions cliniques. L’ objectif de cette etude etait de
determiner 'incidence de I’hypoxemie peroperatoire chez
une vaste population chirurgicale.

Méthode Nous avons realise une etude retrospective des
donnees d’oxymetrie du pouls sauvegardees electroniquement
dans deux centres medicaux universitaires importants. Dans
notre analyse, nous avons inclus tous les adultes (dge > 16
ans) subissant une chirurgie non cardiaque au cours d’une
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periode de trois ans dans les deux hdpitaux. La mesure
principale etait le pourcentage de patients manifestant des
episodes d’hypoxemie (SpO, < 90) ou d’hypoxemie sévere
(SpO> < 85) pendant deux minutes ou plus en periode
peroperatoire (induction de I’ anesthesie, chirurgie et reveil).
Résultats Au rotal, nous avons évalue 95 407 dossiers
anesthesiques electroniques dans les deux hdpitaux. En
periode peroperatoire, 6,8 % des patients ont subi un
evenement hypoxemique, et 3,5 % des patients ont subi un
evenement hypoxemique grave de deux minutes consecutives
ou plus en periode peroperatoire. Soixante-dix pour cent des
episodes hypoxemiques sont survenus pendant I’induction
ou le reveil, des periodes representant 21 % du temps
peroperatoire total. De l'induction au reveil, un episode
d’hypoxemie est survenu toutes les 28,9 heures de temps
peroperatoire, et un episode d’hypoxemie grave est survenu
toutes les 55,7 heures.

Conclusion Malgre les progres realises au niveau des
technologies de monitorage, I’hypoxemie continue d’étre
un eévenement frequent en salle d’operation et pourrait
constituer une probleme de securite serieux en raison de ses
repercussions potentielles sur la fonction des organes cibles
et les devenirs d long terme. D’autres etudes sont de mise
pour ameliorer notre comprehension des repercussions
cliniques de I’hypoxemie peroperatoire et des strategies qui
seront le plus utiles pour minimiser sa survenue.

Hypoxemia is recognized as one of the most serious risks
patients face during anesthesia and surgical care. Pulse
oximetry has become an essential component of operating
room technology to detect, treat, and reduce the degree of
intraoperative hypoxemia in the developed world.! Pulse
oximetry has been endorsed by the Canadian Anesthesi-
ologists’ Society, American Society of Anesthesiologists
(ASA), World Federation of Societies of Anaesthesiolo-
gists, and the World Health Organization as a minimal
monitoring standard during surgery.”” Before the wide-
spread adoption of pulse oximetry in the 1980s and the
establishment of anesthesia monitoring standards in the
1990s, hypoxemia was the leading cause of anesthesia-
related mortality.(”7 Since then, anesthesia-related mortal-
ity has dropped nearly 20-fold in developed settings.®"”
Much of this decline is attributable to improvements in the
safety of anesthesia administration and monitoring,
including the nearly universal use of pulse oximetry that
has been associated with the earlier diagnosis and correc-
tion of hypoxemia.”'""'*

With the decline in anesthesia-related mortality, we
have focused our attention on understanding the long-term

effects of exposure to anesthesia.'”> One area of great
uncertainty is the clinical impact of transient hypoxemia
during surgery. To date, no published studies using current-
generation pulse oximetry technology have characterized
the incidence or severity of hypoxemia during surgery.
Additionally, the clinical impact of transient intraoperative
hypoxemia on outcomes such as surgical site infections,
postoperative cognitive dysfunction, and other end organ
dysfunction, such as myocardial and renal insufficiency,
has not been studied.

The recent advent of electronic anesthesia record
keeping systems'®'® that automatically record intraopera-
tive physiologic parameters has made it possible, for the
first time, to examine pulse oximetry data from a large
number of surgical patients during routine care. Therefore,
the aim of this retrospective study was to utilize electronic
intraoperative records to determine the incidence, severity,
and duration of hypoxemia in a large population of surgical
patients at two major academic medical centres.

Methods

Following approval of the study protocol by the Institu-
tional Review Boards of two large academic tertiary
hospitals— both with active transplant programs and sur-
gical volumes in excess of 40,000 cases annually—
electronically recorded pulse oximetry data were obtained
from the anesthesia information management systems at
both centres utilizing a structured query language. Data
were collected over a three-year period (Hospital A: April
2006 to April 2009; Hospital B: November 2005 to January
2009) for each patient who underwent general anesthesia
and for whom a completed electronic anesthesia record was
available.

For each patient, the database query returned all pulse
oximetry values, patient demographics (age, sex, American
Society of Anesthesiologists’ [ASA] physical status clas-
sification), surgical procedure, and case duration. Pediatric
patients (age < 16 yr), patients undergoing cardiopulmo-
nary bypass, and procedures performed outside of the
operating room (e.g., magnetic resonance imaging, endos-
copy, radiology) were excluded from the study. Case
milestones (induction of anesthesia, start of surgery, end of
surgery, patient departure from the operating room) were
also obtained from the electronic anesthesia databases in
order to separate pulse oximetry signals into discrete case
phases.

Current generation pulse oximeters (Hospital A: Radical
7 - Masimo, Irvine, CA, USA; Hospital B: Nellcor -
Boulder, CO, USA) utilizing conventional red and infrared
photoplethysmography, digital signal processing, and
adaptive filtration were used during the study period. The

@ Springer



890

J. M. Ehrenfeld et al.

pulse oximeters were configured to provide either an eight-
second (Hospital A) or 20-sec (Hospital B) average of
oxygenation (SpO,) values. This information was polled by
the information management systems either every 60 sec
(Hospital A) or every 30 sec (Hospital B). All values
recorded by the information management systems were
included in the analysis.

We calculated the number and duration of episodes
of both hypoxemia (SpO, < 90) and severe hypoxemia
(SpO, < 85) for each patient. We chose these definitions
on the basis of the accepted definition of hypoxemia
(SpO, < 90 that correlates with a PaO, of < 60 mmHg)
and previous studies that have defined severe hypoxemia as
SpO, < 85.'%192% Episodes of hypoxemia and severe
hypoxemia were then categorized according to maximum
duration per patient and according to the phase of intra-
operative care during which they occurred: induction of
anesthesia to start of surgery (induction), start of surgery to
end of surgery (surgery), or end of surgery to departure
from the operating room (emergence).

When calculating episode durations, we categorized
hypoxemic events as lasting one, two, three, four, five,
or > six minutes. We treated each individual value recor-
ded in the anesthesia information management systems as
persisting until replaced by a new value. Thus, at Hospital
A, two consecutive abnormal values sampled every 60 sec
represented a two-minute hypoxemic episode. Three
consecutive abnormal readings represented a three-minute
hypoxemic event. At Hospital B, four consecutive
abnormal values sampled every 30 sec represented a two-
minute hypoxemic episode, while six consecutive abnor-
mal values represented a three-minute hypoxemic event.
In order to allow comparison of data between Hospital A
and Hospital B, episodes at Hospital B that consisted of
an odd number of values were divided evenly into adja-
cent bins (e.g., the group of patients with three
consecutive abnormal values representing 1.5 min was
split evenly into either the one-minute bin or the two-
minute bin). In order to understand the effect of our
treatment of the odd number of consecutive readings at
Hospital B, a sensitivity analysis was performed by
modelling the effects of downscaling data recorded at 30-
sec intervals into data recorded at one-minute intervals
using a Weibull distribution.

For each episode of hypoxemia and severe hypoxemia
that lasted two minutes or longer, we then calculated the
average number of hours between instances. Our goal was
to report how often providers encounter hypoxemia in
routine practice. We performed this calculation only on
episodes that lasted two minutes or longer, because we
wished to increase our specificity for detecting episodes
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that were truly reflective of hypoxemia by including epi-
sodes where multiple abnormal SpO, recordings occurred
sequentially—and excluding non-consecutive readings that
might be more reflective of artefact.

Mean age, sex, ASA physical status classification,
number of emergency cases, and average surgical times for
the entire sample were also calculated. To validate the
accuracy of the electronic data query, a random sample of
print-outs of anesthesia information management system
records from 100 patients at each hospital was manually
compared with the information returned from the data

query.

Results

Our search returned data from 245,458 completed elec-
tronic anesthesia records, and 95,407 of those met our
inclusion criteria (Hospital A: 55,775; Hospital B:
39,632). The majority of cases excluded from our sample
(52%) failed to meet our age criteria (> 16 yr), with
another large sample (33%) representing cases performed
under regional anesthesia or monitored anesthesia care.
The case demographics are shown in Table 1. The aver-
age age and sex distributions were similar between
Hospital A and Hospital B. The ASA physical status
distributions revealed a larger percentage of patients with
no medical co-morbidities (i.e., ASA I) at Hospital B

Table 1 Patient demographics

Hospital A Hospital B
(n = 55,775) (n = 39,632)
Mean age (yr)
(standard error) 53.4 (0.07) 48.3 (0.10)
Sex (%)
Male 46% 45%
Female 54% 55%
ASA physical status (%)
1 15.7% 36.4%
2 55.8% 35.0%
3 24.4% 22.6%
4 2.6% 4.1%
5&6 0.1% 0.1%
Unknown 1.5% 1.8%
Emergency cases (%) 4.7% -
Surgical time (min).
Mean (standard error) 107 (0.4) 73 (0.4)

ASA = American Society of Anesthesiologists
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Hypoxemia Severe Hypoxemia
Sp02 85-89 Sp02 <85
(n=34,734) (n=23,696)

0.22% 0.15%

Sp0290-92_—"
(n=84,434)
0.53%

Fig. 1 Distribution of All SpO, Readings. The distribution of SpO,
readings from the 95,407 anesthesia cases. Of the 15,985,965 SpO,
readings, 99.63% were within the normal range (> 90%) and 0.37%
of all readings represented values < 90%

compared with Hospital A (36.4% vs 15.7%, respectively),
but the number of patients rated ASA I or II was very similar
(71.5% vs 71.6%, respectively). Finally, the mean surgical
times at Hospital A were moderately longer than those at
Hospital B (107 min vs 73 min, respectively).

The total distribution of pulse oximetry values returned
by the data query for both hospitals is shown in Fig. 1. Of
the 15,985,965 SpO, readings, 99.63% were within the
normal range (> 90%) and 0.37% of all readings repre-
sented values < 90%. Additionally, as shown in Fig. 1, the
values 99% and 100% represent the majority (56%) of all
readings. The occurrence of hypoxemic events was asso-
ciated with higher ASA physical status.

Table 2 shows the relative timing of hypoxemic epi-
sodes of all durations, lists the percentage of patients
experiencing hypoxemia and severe hypoxemia during the
three phases of intraoperative care, and shows the mean
duration of each of the three time intervals. During each of
the three time intervals, i.e., induction, surgery, and
emergence, a similar percentage of patients experienced
hypoxemia (7.4%, 7.2%, and 9.3%, respectively) and
severe hypoxemia (4.1%, 3.8%, and 5.4%, respectively).

Table 2 Incidence and timing of hypoxemia

Patients spent almost eight times longer in the surgical
phase (93 min mean duration) as they did in either the
induction or emergence time periods (mean duration
12 min each).

The incidence and duration of intraoperative hypoxemic
episodes are shown in Fig. 2, with details by hospital
shown in the Appendix. The episodes are grouped by
maximum duration per patient for both hypoxemic
(SpO, < 90) and severely hypoxemic (SpO, < 85) epi-
sodes. The percentage of patients experiencing hypoxemia
or severe hypoxemia for two minutes or longer was 6.8%
and 3.5%, respectively, and the percentage of patients who
were hypoxemic or severely hypoxemic for five consecu-
tive minutes or longer was 1.6% and 0.8%, respectively. In
our sample, the average intraoperative time between each
two-minute or longer episode of hypoxemia and severe
hypoxemia was 289 hr and 55.7 hr, respectively. The
overall rate of hypoxemia was stable over the three-year
period examined at both centres. The manual comparison
of print-outs of the records yielded 100% concordance with
the electronic data queries performed at each hospital,
confirming our confidence in data extraction methodology.
Finally, the sensitivity analysis of the impact of splitting
data from Hospital B into adjacent 60-sec intervals
revealed a small degree of error, suggesting that our
approach was a reliable method for joining the two data
sets.

Discussion
Summary of findings

Our data revealed that 6.8% of patients were hypoxemic
and 3.5% were severely hypoxemic for two consecutive
minutes or longer during the intraoperative period. Among
the SpO, readings reflective of hypoxemia, episodes
appeared to be relatively evenly divided among the three
phases of intraoperative care, even though the induc-
tion phase (average time 12 min) and emergence phase

Hospital A and B (n = 95,407)

Induction of anesthesia
to start of surgery

Start of surgery to
end of surgery

End of surgery
to exit OR

Mean duration of each interval 12 min
Patients with hypoxemia (SpO, < 90) n (%)

Patients with severe hypoxemia (SpO, < 85) n (%)

7,101 (7.4%)
3,954 (4.1%)

12 min
8,875 (9.3%)
5,157 (5.4%)

93 min
6,908 (7.2%)
3,582 (3.8%)

OR = operating room
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Fig. 2 Duration of Hypoxemic

3.22%

Hospitals A & B

[ Hypoxemia (SpO2 < 90)
B severe Hypoxemia ({SpO2 < 85)

1.78%
100 1.14%

0.68%

Episodes at Hospitals A & B. 12.00%
The incidence and maximum 11075
duration of intraoperative
hypoxemic episodes. Episodes 10.00% -
are grouped by maximum
duration per patient for both
hypoxemic (SpO, < 90) and
severely hypoxemic episodes 8.00%
(SpO, < 85). The percentage of
patients experiencing two & 5%
consecutive minutes or longer N
of hypoxemia and severe 2 600%
hypoxemia was 6.8% and 3.5%, v
respectively =
4.00% A
2.00% A
0.00% +—

1 min

(average time 12 min) were significantly shorter than the
surgical phase (average time 93 min). From induction to
emergence, an anesthesia provider in a tertiary care centre
can expect to manage a period of hypoxemia of two-minute
duration or longer at least once every 29 hr of intraopera-
tive time.

Comparison with previous reports

Our findings are consistent with previous studies'>?'~?
that have suggested that intraoperative hypoxemia occurs
at a significant rate. The largest randomized evaluation of
pulse oximetry> revealed a combined incidence of hyp-
oxemia in the operating room and postanesthesia care unit
of 7.9% (n = 10,312), although it did not define the
duration of hypoxemic episodes and used first generation
pulse oximetry technology that is subject to additional
signal artefact (Nellcor N-200, Ohmeda 3700 & Radi-
ometer OXI). It appears that our results are generalizable,
given the similarity between our results and this previous
work, the large number of patients included in our study,
and the similarity of results between our two centres (see
Appendix).

The finding that 70% of hypoxemia occurs during only
one-fifth of the time spent in the operating room is con-
sistent with our clinical experience, which suggests that
the time close to induction of anesthesia and emergence
are particularly high-risk periods for hypoxemia. This
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intuition is supported by data from the ASA Closed
Claims database, which has shown that difficult airway
claims continue to comprise the highest percentage of
claims.** The majority of these claims are related to
incidents that occurred during induction (67%), with
similar numbers occurring during surgery (15%) and
extubation (12%).%

Implications

Our data suggest that a surprisingly high percentage of
patients experience sustained hypoxemia during surgery.
Even in highly advanced surgical settings, approximately
one in 15 patients experienced hypoxemia for at least two
consecutive minutes, and one in 64 patients experienced
hypoxemia for at least five consecutive minutes. These
frequencies are likely higher in resource-limited settings
throughout the world where pulse oximetry is often
unavailable, and hypoxemia may not be recognized by the
perioperative team. Given that approximately 234 million
surgical procedures are performed annually worldwide,*
our report suggests that at least three million patients each
year experience prolonged (> five minutes) and potentially
preventable hypoxemia during surgery.

The thresholds for the duration and severity of hypox-
emia that are likely to affect clinical outcomes are
unknown, but the levels of hypoxemia reported in this
study may have a clinical impact. Although the effect of
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oxygen saturation levels on surgical patient morbidity has
been studied in several clinical trials, little has been pub-
lished on the impact of transient hypoxemic events on
surgical outcomes. Reduced cerebral oxygen saturation
levels have been correlated with higher postoperative
complication rates in thoracic surgery.”’ Perioperative
administration of supplemental oxygen has been shown to
reduce the incidence of surgical-wound infections,zg’29 to
improve immune function,30 and to decrease the incidence
of postoperative nausea and vomiting.’' Furthermore,
hypoxemia has been demonstrated in a variety of animal
models to have detrimental effects on almost every end
organ.’” At the cellular level, hypoxia has been shown to
lead to acute heart failure,*® pulmonary hypertension,** and
acute renal failure.*> Hypoxia-induced changes in neural
tissue have been associated with decreased cognitive
function.>® Additionally, numerous studies have demon-
strated that even modest fluctuations in oxygen delivery
may lead to cognitive dysfunction.’’ One study has linked
intraoperative desaturation (measured by cerebral oxygen
monitoring) with a decline in postoperative cognitive
function (POCD).*® In that study, patients who experienced
a drop in cerebral oxygen levels of > 25% were found to
have a statistically significant decline in their Mini Mental
State Examination scores measured seven days after sur-
gery. Although the predictors of POCD are still not well
understood, further examination of the impact of transient
hypoxemia on POCD is warranted, because 5-12% of
patients demonstrate POCD at three-month follow-up
visits.?”

The evidence base for the use of pulse oximetry has
been questioned in previous studies.*” However, even the
largest prospective randomized controlled trial of pulse
oximetry>**! was insufficiently powered to reveal a mor-
tality benefit from pulse oximetry (nearly two million
patients would have been required). Furthermore, a post-
hoc analysis of this trial*! suggests that the use of pulse
oximetry was associated with several key benefits,
including a reduction in myocardial ischemia (from 0.2 to
0.1%; P = 0.03) and cardiac arrest (from 0.1 to 0.04%;
P = 0.06). Endobronchial intubation and hypoventilation
were also recognized more frequently.*?

These clinical data and animal model studies suggest
only that the hypoxemia we observed during surgery may
have been clinically relevant. They do not establish a direct
link between perioperative hypoxemia and poor clinical
outcomes. However, as the oxygen-hemoglobin dissocia-
tion curve indicates, there is little reserve when saturations
fall to < 90%, let alone 85%; undoubtedly, there is a
threshold below which hypoxemia causes survivable end
organ damage. The potential public health impact of our
findings is difficult to quantify, but given the very large

numbers of patients undergoing surgery with anesthesia
globally, it may well be substantial.

Limitations

Our data were derived objectively from routine clinical
practice at two geographically distinct centres and dem-
onstrate real-world validity by eliminating the biases often
associated with study observation. However, the retro-
spective nature of our study does limit the conclusions we
can draw. Specifically, our data do not provide information
on the etiology of the episodes of hypoxemia, and we also
lack data on patient outcomes.

Pulse oximeters have well-known technical limitations
and various sources of artefact that may have influenced
the quality of our data.** Sensor malposition can lead to
apparent hypoxemia; the incidence of this is unknown, but
such artefacts are thought to be rare.** Poor peripheral
perfusion, hypothermia, hypotension, and advanced age
have been shown to yield low-quality pulse oximetry
readings.*’

Since our study was a retrospective analysis of current
practice, we were unable to compare our electronically
recorded data with actual plethysmographic signals or to
estimate the specific performance characteristics of the
devices used in the study. However, pulse oximeters have
been validated previously in multiple clinical trials,***’
including several within the perioperative environ-
ment.”*>? These studies have shown that current
generation pulse oximeters provide reliable readings when
compared with arterial blood gas sampling — even in the
circumstances with poor peripheral perfusion, hypother-
mia, and motion.”*>">3 All of the pulse oximeters used in
the study adhere to the International Organization for
Standardization (ISO) standards for pulse oximetry
accuracy.’

We attempted to minimize the impact of spurious
readings on our results in two ways. First, we validated our
hypoxemia data on 200 randomly selected patients. The
concordance between the data returned by the electronic
query and the patients’ anesthesia records was 100%,
providing considerable reassurance in relation to our
algorithms. Second, we focused on the percentage of
patients who experienced episodes of hypoxemia that las-
ted two minutes or longer. We chose this interval because it
ensured that each hypoxemic episode represented at least
two consecutive abnormal readings - as opposed to single
isolated values. While there is no standardized definition of
what constitutes a hypoxemic episode under anesthesia, we
believe that the selection of this interval strikes an appro-
priate balance between capturing events that are likely to
be reflective of true hypoxemia and eliminating isolated
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spurious values. Additionally, in our practice, we consider
any episode of hypoxemia that lasts at least two minutes to
be clinically significant.

Since our data were recorded every 30 or 60 sec rather
than continuously, they could have been subject to an un-
dersampling artefact because a single value was used to
summarize a series of values over a discrete time inter-
val.’>® Thus, undersampling may have underestimated the
true frequency of hypoxemic episodes. However, since our
sampling intervals were either 30 or 60 sec, such episodes
would be sub-minute episodes of uncertain clinical sig-
nificance. On the other hand, we treated each single value
as being representative of the entire time interval over
which it was recorded. This may have either over- or
underestimated the duration of any given hypoxemic epi-
sode. Despite this possibility, we believe our methodology
represents a logical compromise between these two com-
peting concepts and aligns with the interpretation of these
data points in clinical practice.

Finally, although pulse oximetry data were collected
automatically by electronic systems without user inter-
vention, the case milestones (i.e., induction of anesthesia,
start of surgery, end of surgery, and departure from oper-
ating room) were manually entered events and, as such,
may be subject to errors in data entry, for example, event
latency.5 7 Furthermore, there is no universal definition for
these events, although attempts have been made at stan-
dardization of anesthesia procedural times.”® While a
discrepancy in case times might lead to the misclassifi-
cation of the case phase for a particular hypoxemic
episode, it would not affect the overall SpO, data.

Conclusions
Anesthesia providers strive to avoid hypoxemia because of

the risk of irreversible damage to the myocardium, brain,
and other end organs. Despite these efforts, hypoxemia
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continues to occur in the operating room at a surprisingly
high rate. This may represent a serious safety concern
because of its potential impact on end organ function and
long-term outcomes. Our findings suggest that a typical
anesthesia provider is likely to encounter at least one epi-
sode of sustained (> two minutes) hypoxemia every 29 hr
of intraoperative time. In the developing world where pulse
oximetry is not universally available, hypoxemic episodes
may well be more frequent and longer. Future studies that
focus on whether these episodes are preventable and have a
clinical impact are warranted.
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Appendix

The figures below show the incidence and duration of
intraoperative hypoxemic episodes by hospital. Episodes
are grouped by maximum duration per patient for both
hypoxemic (SpO, < 90) and severely hypoxemic episodes
(SpO, < 85).



Incidence of hypoxemia during surgery

895

Hospital A
14.00% -
12.00% 4 1167%
10.00% - [] Hypoxemia (SpO2 < 90)
B Severe Hypoxemia (5pO2 < 85)
G 8.00%
5 7.16%
3
o
£ 600% |
4.00% - 3.48%
187%
2.00% 1.49% 147%
|n.7m 0.79% oasse 0.78%
0.57% AB% e
0.00% I_h [ o | h\
1 min 2 min 3 min 4 min 5 min 2 Bmin
Maximum Episode Duration Per Patient
Hospital B
12.00% 4
10.22%
10.00% A
8.00% 1 [ Hypoxemia (Sp02 < 90)
B Severe Hypoxemia (5pO2 < 85)
G 6.30%
c
(7] 6.00% -
3
o
(1]
-
w
4.00% -
2.85%
2.00% - 151%
102%
067%
0.48% 051%
0.25% 038% o15% I_ﬁ—
0.00% n N I =~ T s "=
1 min 2 min 3 min 4 min 5 min 2 Bmin

References

1. Severinghaus JW, Kelleher JF. Recent developments in pulse

oximetry. Anesthesiology 1992; 76: 1018-38.

2. Merchant R, Bosenberg C, Brown K, et al. Guidelines to the
practice of anesthesia - Revised edition 2010. Can J Anesth 2010;

57: 58-87.

Maximum Episode Duration Per Patient

4. Eichhorn JH, Cooper JB, Cullen DJ, Maier WR, Philip JH,
Seeman RG. Standards for patient monitoring during anesthesia at
Harvard Medical School. JAMA 1986; 256: 1017-20.

5. World Alliance for Patient Safety. WHO guidelines for safe
surgery. Geneve: World Health Organization; 2008. Avail-
able from URL: http://www.who.int/patientsafety/safesurgery/
knowledge_base/SSSL_Brochure_finalJun0O8.pdf (accessed April
2010)

3. Anesthesiologists ASA. Standards of the American Society of
Anesthesiologists: Standards for Basic Anesthetic Monitoring.
Available from URL: http://www.asahq.org/publicationsAnd
Services/standards/02.pdf (accessed April 2010).

. Cooper JB, Newbower RS, Long CD, McPeek B. Preventable

anesthesia mishaps: a study of human factors. Anesthesiology
1978; 49: 399-406.

@ Springer


http://www.asahq.org/publicationsAndServices/standards/02.pdf
http://www.asahq.org/publicationsAndServices/standards/02.pdf
http://www.who.int/patientsafety/safesurgery/knowledge_base/SSSL_Brochure_finalJun08.pdf
http://www.who.int/patientsafety/safesurgery/knowledge_base/SSSL_Brochure_finalJun08.pdf

896

J. M. Ehrenfeld et al.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Cooper JB, Newbower RS, Kitz RJ. An analysis of major errors
and equipment failures in anesthesia management: considerations
for prevention and detection. Anesthesiology 1984; 60: 34-42.

. Keenan RL, Boyan CP. Cardiac arrest due to anesthesia. A study

of incidence and causes. JAMA 1985; 253: 2373-7.

. Keenan RL, Boyan CP. Decreasing frequency of anesthetic car-

diac arrests. J Clin Anesth 1991; 3: 354-7.

Arbous MS, Meursing AE, van Kleef JW, et al. Impact of anes-
thesia management characteristics on severe morbidity and
mortality. Anesthesiology 2005; 102: 257-68. quiz 491-2.
Moller JT, Jensen PF, Johannessen NW, Espersen K. Hypoxa-
emia is reduced by pulse oximetry monitoring in the operating
theatre and in the recovery room. Br J Anaesth 1992; 68: 146-50.
Cote CJ, Rolf N, Liu LM, et al. A single-blind study of combined
pulse oximetry and capnography in children. Anesthesiology
1991; 74: 980-7.

Canet J, Ricos M, Vidal F. Postanesthetic hypoxemia and oxygen
administration. Anesthesiology 1991; 74: 1161-2.

Eichhorn JH. Effect of monitoring standards on anesthesia out-
come. Int Anesthesiol Clin 1993; 31: 181-96.

Sessler DI. Long-term consequences of anesthetic management.
Anesthesiology 2009; 111: 1-4.

Merry AF, Webster CS, Mathew DJ. A new, safety-oriented,
integrated drug administration and automated anesthesia record
system. Anesth Analg 2001; 93: 385-90.

Egger Halbeis CB, Epstein RH, Macario A, Pearl RG, Grunwald
Z. Adoption of anesthesia information management systems by
academic departments in the United States. Anesth Analg 2008;
107: 1323-9.

Epstein RH, Vigoda MM, Feinstein DM. Anesthesia information
management systems: a survey of current implementation poli-
cies and practices. Anesth Analg 2007; 105: 405-11.

Xue FS, Huang YG, Tong SY, et al. A comparative study of early
postoperative hypoxemia in infants, children, and adults under-
going elective plastic surgery. Anesth Analg 1996; 83: 709-15.
Xue FS, An G, Tong SY, Liao X, Liu JH, Luo LK. Influence of
surgical technique on early postoperative hypoxaemia in children
undergoing elective palatoplasty. Br J Anaesth 1998; 80: 447-51.
Moller JT, Johannessen NW, Berg H, Espersen K, Larsen LE.
Hypoxaemia during anaesthesia—an observer study. Br J Anaesth
1991; 66: 437-44.

Cote CJ, Goldstein EA, Cote MA, Hoaglin DC, Ryan JF. A
single-blind study of pulse oximetry in children. Anesthesiology
1988; 68: 184-8.

Moller JT, Johannessen NW, Espersen K, et al. Randomized
evaluation of pulse oximetry in 20, 802 patients: II. Perioperative
events and postoperative complications. Anesthesiology 1993;
78: 445-53.

Cheney FW, Posner KL, Lee LA, Caplan RA, Domino KB. Trends
in anesthesia-related death and brain damage: a closed claims
analysis. Anesthesiology 2006; 105: 1081-6.

Peterson GN, Domino KB, Caplan RA, Posner KL, Lee LA,
Cheney FW. Management of the difficult airway: a closed claims
analysis. Anesthesiology 2005; 103: 33-9.

Weiser TG, Regenbogen SE, Thompson KD, et al. An estimation
of the global volume of surgery: a modelling strategy based on
available data. Lancet 2008; 372: 139-44.

Kazan R, Bracco D, Hemmerling TM. Reduced cerebral oxygen
saturation measured by absolute cerebral oximetry during tho-
racic surgery correlates with postoperative complications. Br J
Anaesth 2009; 103: 811-6.

Greif R, Akca O, Horn EP, Kurz A, Sessler DI. Supplemental
perioperative oxygen to reduce the incidence of surgical-wound
infection. Outcomes Research Group. N Engl J Med 2000; 342:
161-7.

@ Springer

29.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Belda FJ, Aguilera L, Garcia de la Asuncion J, et al. Supple-
mental perioperative oxygen and the risk of surgical wound
infection: a randomized controlled trial. JAMA 2005; 294: 2035-
42.

. Kotani N, Hashimoto H, Sessler DI, et al. Supplemental intra-

operative oxygen augments antimicrobial and proinflammatory
responses of alveolar macrophages. Anesthesiology 2000; 93:
15-25.

Greif R, Laciny S, Rapf B, Hickle RS, Sessler DI. Supplemental
oxygen reduces the incidence of postoperative nausea and vom-
iting. Anesthesiology 1999; 91: 1246-52.

Korner PI. Circulatory adaptations in hypoxia. Physiol Rev 1959;
39: 687-730.

Cross CE, Rieben PA, Barron CI, Salisbury PF. Effects of arterial
hypoxia on the heart and circulation: an integrative study. Am J
Physiol 1963; 205: 963-70.

Zielinski J. Effects of intermittent hypoxia on pulmonary hae-
modynamics: animal models versus studies in humans. Eur
Respir J 2005; 25: 173-80.

Brezis M, Rosen S. Hypoxia of the renal medulla—its implications
for disease. N Engl J Med 1995; 332: 647-55.

Gozal D, Daniel JM, Dohanich GP. Behavioral and anatomical
correlates of chronic episodic hypoxia during sleep in the rat.
J Neurosci 2001; 21: 2442-50.

Bass JL, Corwin M, Gozal D, et al. The effect of chronic or
intermittent hypoxia on cognition in childhood: a review of the
evidence. Pediatrics 2004; 114: 805-16.

Casati A, Fanelli G, Pietropaoli P, et al. Continuous monitoring
of cerebral oxygen saturation in elderly patients undergoing
major abdominal surgery minimizes brain exposure to potential
hypoxia. Anesth Analg 2005; 101: 740-7.

Monk TG, Weldon BC, Garvan CW, et al. Predictors of cognitive
dysfunction after major noncardiac surgery. Anesthesiology
2008; 108: 18-30.

Pedersen T, Moller AM, Pedersen BD. Pulse oximetry for peri-
operative monitoring: systematic review of randomized,
controlled trials. Anesth Analg 2003; 96: 426-31.

Moller JT, Pedersen T, Rasmussen LS, et al. Randomized eval-
uation of pulse oximetry in 20, 802 patients: 1. Design,
demography, pulse oximetry failure rate, and overall complica-
tion rate. Anesthesiology 1993; 78: 436-44.

Merry AF, Eichhorn JH, Wilson IH. Extending the WHO ‘Safe
Surgery Saves Lives’ project through Global Oximetry. Anaes-
thesia 2009; 64: 1045-8.

Reich DL, Timcenko A, Bodian CA, et al. Predictors of pulse
oximetry data failure. Anesthesiology 1996; 84: 859-64.

Guan Z, Baker K, Sandberg WS. Misalignment of disposable
pulse oximeter probes results in false saturation readings that
influence anesthetic management. Anesth Analg 2009; 109:
1530-3.

Freund PR, Overand PT, Cooper J, et al. A prospective study of
intraoperative pulse oximetry failure. J Clin Monit 1991; 7:
253-8.

Bohnhorst B, Peter CS, Poets CF. Pulse oximeters’ reliability in
detecting hypoxemia and bradycardia: comparison between a
conventional and two new generation oximeters. Crit Care Med
2000; 28: 1565-8.

Alexander CM, Teller LE, Gross JB. Principles of pulse oximetry:
theoretical and practical considerations. Anesth Analg 1989; 68:
368-76.

Hanning CD, Alexander-Williams JM. Pulse oximetry: a practical
review. BMJ 1995; 311: 367-70.

Lee WW, Mayberry K, Crapo R, Jensen RL. The accuracy of
pulse oximetry in the emergency department. Am J Emerg Med
2000; 18: 427-31.



Incidence of hypoxemia during surgery

897

50.

51

52.

53.

54.

Wax DB, Rubin P, Neustein S. A comparison of transmittance and
reflectance pulse oximetry during vascular surgery. Anesth Analg
2009; 109: 1847-9.

Durbin CG Jr, Rostow SK. Advantages of new technology pulse
oximetry with adults in extremis. Anesth Analg 2002; 94: S81-3.
Golparvar M, Naddafnia H, Saghaei M. Evaluating the relationship
between arterial blood pressure changes and indices of pulse oxi-
metric plethysmography. Anesth Analg 2002; 95: 1686-90.
Barker SJ. “Motion-resistant” pulse oximetry: a comparison of
new and old models. Anesth Analg 2002; 95: 967-72.

ISO 9919:2005. Medical electrical equipment — Particular
requirements for the basic safety and essential performance
of pulse oximeter equipment for medical use. International
Organization for Standardization, Geneva, Switzerland 2005.
Available from URL: http://webstore.iec.ch/preview/info_iso
9919%7Bed2.0%7Den.pdf (accessed April 2010)

55.

56.

57.

58.

Gregorini P. Comparison of four methods of automated recording
of physiologic data at one minute intervals. J Clin Monit 1996;
12: 299-303.

Derrick JL, Bassin DJ. Sampling intervals to record severe
hypotensive and hypoxic episodes in anesthetised patients. J Clin
Monit Comput 1998; 14: 347-51.

Epstein RH, Dexter F, Ehrenfeld JM, Sandberg WS. Implications
of event entry latency on anesthesia information management
decision support systems. Anesth Analg 2009; 108: 941-7.
Donham RT. Defining measurable OR-PR scheduling, efficiency,
and utilization data elements: the Association of Anesthesia
Clinical Directors procedural times glossary. Int Anesthesiol Clin
1998; 36: 15-29.

@ Springer


http://webstore.iec.ch/preview/info_iso9919%7Bed2.0%7Den.pdf
http://webstore.iec.ch/preview/info_iso9919%7Bed2.0%7Den.pdf

	The incidence of hypoxemia during surgery: evidence from two institutions
	Incidence de l’hypoxémie pendant la chirurgie: données probantes de deux institutions
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Résumé
	Objectif
	Méthode
	Résultats
	Conclusion

	Methods
	Results
	Discussion
	Summary of findings
	Comparison with previous reports
	Implications
	Limitations
	Conclusions

	Acknowledgements
	Appendix
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


