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Abstract In Germany it is common practice to use pulse
oximetry and supplementary oxygen only on request in
patients breathing spontaneously transferred to the post-
anaesthesia care unit (PACU) following surgery under
general anaesthesia. The main aim was to study the influ-
ence of medical training and clinical experience on
assessing SpO, and detecting hypoxaemia in these patients.
The second aim was to do a preliminary assessment whe-
ther this practice can be found in countries other than
Germany. Anaesthetists, nurses and medical students esti-
mated SpO, in patients breathing room air at the end of
transfer to the PACU following surgery (including all
major surgical fields) under general anaesthesia. Estimated
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SpO, was compared to SpO, measured by pulse oximetry.
A survey was carried out among European anaesthesists
concerning the use of pulse oximetry and supplementary
oxygen during patient transfer to the PACU. Hypoxaemia
(SpO, <90 %) occurred in 154 (13.5 %) out of 1,138
patients. Anaesthetists, nurses, and medical students iden-
tified only 25, 23, and 21 patients of those as being hyp-
oxaemic, respectively. Clinical experience did not improve
detection of hypoxaemia both in anaesthetists (p = 0.63)
and nurses (p = 0.18). Use of pulse oximetry and supple-
mental oxygen during patient transfer to the PACU in
European countries differs to a large extent. It seems to be
applied only on request in many hospitals. Considering the
uncertainty about deleterious effects of transient, short
lasting hypoxaemia routine use of pulse oximetry is
advocated for patient transfer to the PACU.

Keywords Patient safety - Monitoring - Pulse oximetry -
Oxygen - Post-anaesthesia complications

Abbreviations
AAGBI Association of Anaesthetists of Great Britain
and Ireland

ASA ASA physical status classification system
(based on ASA = American Society of
Anesthesiologists)

AZ “Aktenzeichen” (file-number)

BMI Body mass index

CI Confidence interval

ESA European Society of Anaesthesiology

FiO, Inspired oxygen fraction

FeO, Expired oxygen fraction

ICU Intermediate care unit

MH Major hospital
N,O Nitrous oxide

@ Springer


http://dx.doi.org/10.1007/s10877-014-9620-4
http://crossmark.crossref.org/dialog/?doi=10.1007/s10877-014-9620-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10877-014-9620-4&amp;domain=pdf

416

J Clin Monit Comput (2015) 29:415-426

OR Operating room

PACU  Post-anaesthesia care unit

P all Pulse oximetry is used in all patients

P on Pulse oximetry is used on request only

request

SD Standard deviation

SpO, Saturation of hemoglobin with oxygen as
measured by pulse oximetry

TIVA Total intravenous anaesthesia

UH University hospital

1 Introduction

Analysis of anaesthetic-related closed malpractice claims
demonstrated that hypoxaemia, resulting in desaturation,
was a major cause for morbidity and mortality during and
following procedures under general anaesthesia [1, 2].
More recent data confirm the deleterious effects hypoxa-
emia may have on patient outcome [3, 4]. Accordingly, the
use of pulse oximetry has become a compulsory part of the
standard monitoring during general anaesthesia in Europe
as reflected by the guidelines of the national anaesthesia
societies [e.g. 5, 6]. In contrast, as for the period of
immediate postanaesthetic recovery [i.e. during transfer
from the operating room (OR) to the post-anaesthesia care
unit (PACU)], guidelines and recommendations concerning
anaesthetic care including instructions on when to use
pulse oximetry and supplemental oxygen are inconsistent
within Europe.

We recently demonstrated that 17 % of patients
breathing room air in the period immediately following
general anaesthesia during transfer from the OR to the
PACU were hypoxaemic (SpO, < 90 %) and that hypox-
aemia was not detected based on clinical signs in 82 % of
these patients [7]. However, despite these results it is not
uncommon to encounter the opinion that more experienced
anaesthesia providers are better at detecting hypoxaemia on
clinical grounds only. To date, it has not been studied
whether the level of medical education and clinical expe-
rience have any influence on either the accuracy of esti-
mating the SpO,, or most importantly, on -clinically
detecting hypoxaemia.

In addition, results of a survey among anaesthesia
departments of all German university hospitals revealed
that at the vast majority of German university hospitals, it
is not common practice to use pulse oximetry and sup-
plementary oxygen in every patient breathing spontane-
ously during transfer to the PACU following surgery under
general anaesthesia. Instead, pulse oximetry and supple-
mentary oxygen are only used on request in selected
patients [7].
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Therefore, the main aims of this follow-up study were to
investigate the influence of clinical experience on the
accuracy of estimating the SpO, in general and above all to
determine the reliability of detecting hypoxaemic patients
based only on clinical criteria. Moreover, in order to dis-
cern whether the findings of our previous [7] and present
study may be of any relevance for anaesthesia providers in
countries other than Germany, we sought to find out
whether the practice to use pulse oximetry and supple-
mental oxygen only on request in selected patients
breathing room air during their transfer to PACU following
general anaesthesia can be encountered in other European
countries.

2 Methods

Approval for this study was obtained from the local ethics
committee (Ethics committee of the University Hospital of
Marburg, Germany, AZ 3709, Chairperson Prof. G. Rich-
ter. According to the decision of the local ethics commit-
tee, no individual patient consent was required for this
prospective observational study carried out at Marburg
University Hospital (UKGM—Marburg campus). It was
intended to include a minimum of 1,000 patients within
1 year.

2.1 Study protocol

Patients who do not require post-operative care on an
intensive care unit (ICU) are commonly transferred from the
OR to the adjacent PACU by the assigned anaesthetist and
nurse without supplemental oxygen and without any moni-
toring of the vital signs unless requested by the anaesthetist.
At the end of patient transfer to PACU on a mobile operating
table, patients are moved onto the ward bed by means of a
mechanical transfer table in an area separating the OR and
the PACU (see Supplemental Digital Content 1 and 2: pho-
tographs of the mechanical transfer table). During that final
stage of patient transfer (while the patient was on the
mechanical transfer table) a PACU nurse, the assigned
anaesthetist, and a medical student performed a clinical
evaluation of the patient’s SpO,. Assessments of the
patient’s SpO, were performed at the discretion of the study
subjects (most likely by looking for cyanosis). Participation
of PACU nurses and anaesthetists in this study was by
chance, depending on who happened to take care of the
patient. Two medical students who also participated in this
study took turns estimating the SpO, in all patients. The latter
did not have any previous training in assessing patients’
SpO, neither as part of their medical education (3rd year
medical students at the beginning of the clinical studies), nor
as part of this investigation. This lack of experience made
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them good candidates to investigate whether any improve-
ment of clinically assessing patient’s SpO, can be achieved
over time. Results of the estimations were taken down sep-
arately (first the students’, next the nurse’s, and last the
anaesthetist’s evaluation) to exclude any influence by the
results of the other persons’ estimations. Osram L38W/840
fluorescent tubes were used during the whole study period for
illumination of the area where the mechanical transfer table
was located. According to the manufacturer’s information,
these tubes have a discontinuous spectrum including the
whole visible range with significant power output in only
three regions based around wavelengths at 440 nm (blue),
540 nm (green) and 610 nm (orange to light red).

Immediately after the clinical evaluation, the patient’s
SpO, was measured using a pulse oximeter (Massimo®
RAD7; Massimo Corporation: Irvine CA, USA). In addi-
tion to the SpO,, the perfusion index (range 0.02-20 %;
considered as a quality marker if >0.25 %) of the measured
SpO, was also detected. The measurement of the patient’s
SpO, was considered valid if the reading was stable for
10 s. Moreover, clinical experience of the anaesthetist and
the nurse executing the estimation of the patient’s SpO,
were recorded.

2.2 Inclusion and exclusion criteria

All adult patients who were transferred to the PACU
breathing room air following an elective operation under
general anaesthesia were eligible for this study. There were
neither restrictions concerning the type of surgery per-
formed nor regarding drugs administered for induction and
maintenance of anaesthesia. Departmental standards that
applied included: (1) relaxometry when non depolarising
relaxants were used, (2) monitoring depth of anaesthesia in
patients that underwent surgery expected to last at least
15 min, and (3) measuring patients’ temperature and
warming them if procedures were expected to last at least
30 min. FiO, was changed to 1.0 for emergence of
anaesthesia.

Patients who were transferred with supplemental oxygen
from the OR to the PACU were not included in the study.
Patients, whose SpO, measurements were associated with a
perfusion index <0.25 % or with a bad signal quality (as
indicated on the display) were also excluded from the
study.

2.3 Patient data

The following data of patients enrolled into the study were
recorded:

Sex, age, height, weight, physical status according to
ASA, pulmonary disease, smoking, and SpO, prior to
induction of anaesthesia, type of surgery, type of general

anaesthesia, anaesthetics used for maintenance, duration of
anaesthesia, type of airway, distance between OR and the
mechanical transfer table, waiting time at the mechanical
transfer table, perfusion index, and SpO,.

2.4 Preparatory data analysis

Hypoxaemia was defined as mild (SpO, < 90 %), moder-
ate (SpO, < 85 %) and severe (SpO, < 80 %) [8, 9].
Readings of the pulse oximetry were classified accordingly.
Physicians’ clinical experience in anaesthesia was dichot-
omised as follows: <5 and >5 years.

2.5 Statistical analysis

Statistical analysis was performed using SPSS for win-
dows, version 19.0 (SPSS Inc., Chicago IL, USA). Discrete
variables are presented as number and proportion. Con-
tinuous variables are presented as mean with their standard
deviation (SD) and confidence interval (CI) or minimum
and maximum. The Kolmogorov—Smirnov test was used to
explore normality of distribution of continuous variables.
As for dichotomised data, Fisher’s exact test was applied
for bivariate analysis and Wilcoxon—Mann—Whitney-test
was used for continuous data. Spearman’s rank correlation
coefficient (Spearman’s rho) was calculated to study
associations between two continuous variables: measured
SpO, and difference between estimated and measured
SpO,; running patient number as a surrogate for increasing
experience of the medical students and difference between
estimated and measured SpO,. Spearman’s rho regarding
the latter association was used to investigate if a learning
curve can be found concerning the accuracy of assessing
the patient’s SpO,.

2.6 Survey concerning the use of pulse oximetry
and supplemental oxygen immediately
after general anaesthesia

The survey was carried out by means of a questionnaire
containing seven questions that addressed the following
aspects: use of pulse oximetry and supplemental oxygen (in
all patients vs. on request), transfer time from the OR to the
PACU (i.e. from disconnecting the patient from the vital
sign monitor in the OR until reconnecting the patient to the
vital sign monitor in the PACU), and use of supplemental
oxygen in the PACU (routinely vs. on request depending
on the SpO,). (See the original questionnaire at: Supple-
mental Digital Content 3) The survey was executed using 3
different approaches:

1. One questionnaire each was sent to a senior member
(chosen at the discretion of one of the authors working
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Enrolled patients (n = 1187)

Excluded (n=49)
o incomplete data

o incomplete data of patient (n=16)

o decline to participate (nurse or anaesthesiologist) (n= 28)
o uncorrectable transcription error (n=1)

o regional anaesthesia with sedation instead of general

anaesthesia (n=4)

Analysed patients (n=1138)

Fig. 1 Flow diagram of the enrollment process. All data of analysed
patients including biometric data, variables related to anaesthesia and
surgery are summarised in Table 1

in the Netherlands—F.W.) of the anaesthesia depart-
ment of each Dutch university hospital.

2. One questionnaire was sent to one staff anaesthetist
(chosen at the discretion of one of the authors working
in Denmark—A.A.) of the anaesthesia departments of
the 21 largest public hospitals that have an ICU and a
PACU.

3. Attendees of the 2013 Euroanaesthesia meeting were
invited to take part in the survey carried out as an
interview by two of the authors (D.R., L.E.). In order to
get a better insight into the habits of the different
European countries, the aim was to get as many
participants as possible from different hospitals from a
few selected countries rather than inviting attendees
from all countries. The countries chosen include
Austria, Belgium, France, Greece, Italy, Poland, Por-
tugal, Romania, Slovenia, and Spain. In order to be
able to identify participants from the same institution,
data recorded also included name and location of the
hospital at which attendees work. In addition to
analysing the use of pulse oximetry and supplemental
oxygen, a detailed analysis of the estimated average,
minimal, and maximal patient transfer times (presented
as mean, standard deviation and range) from the OR to
the PACU was done if at least 3 anaesthetists working
in different hospitals of the same country were
participating in the survey.

3 Results
This study was performed on 1,187 patients over a period

of 9 months. Forty-nine of those were excluded from data
analysis leaving 1,138 patients for analysis (Fig. 1).
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Table 1 Biometric variables and parameters related to patient his-

tory, anaesthesia and surgery of analysed patients

All patients

Hypoxaemic
patients
(SpO, < 90 %)

N

Male
Female
Age (years)
BMI

ASAT

ASA >1
Pulmonary history
No pulmonary history
Smoker
Non-smoker
Baseline SpO,
General surgery
Urology

Trauma
Neurosurgery
Orthopaedics
Others

Duration of anaesthesia (min)

TIVA

Balanced anaesthesia
Desflurane
Sevoflurane
Isoflurane

N,O

No opioid
Remifentanil mono
Fentanyl mono
Fentanyl/Remifentanil
Sufentanil mono
Sufentanil/Remifentanil
Use of relaxant
Mivacurium
Rocuronium
Cisatracurium
Succinylcholin mono
Endotracheal tube

Laryngeal mask airway

Distance between OR and patient

transfer area (m)

Patients with waiting time before

use of mechanical transfer
table

1,138 (100)

646 (57)

492 (43)

54 + 18 [55/53]
27 £ 5 [27.2/26.6]

279 (25)
859 (75)

121 (11)

1,017 (89)

263 (23)

875 (77)

97 £ 1.9 [97/97]
234 (21)

171 (15)

330 (29)

88 (8)

291 (25)

24 (2)

132 + 63 [136/
129]

166 (15)
972 (85)

406 (36)

558 (49)
5(0.4)

98 (9)

1(0.1)

3(0.3)

767 (67.4)

82 (7.2)

214 (18.8)

71 (6.2)

825 (72)

37.3)

451 (40)

273 (24)

64 (5)

804 (71)

334 (29)

37 £ 15 [38/36]

163 (14)

154 (14%/100%*)
82 (7%/53%*)
72 (6*/47%%)
59 + 13 [62/57)

31459 317/
29.8]

14 (1.2%/9%%)
140 (12%/91%%)

22 (2#/14%%)

132 (12#/86%%)

32 (3%/21%%)

122 (11%/79%%)

96 =+ 1.9 [96/96]
34 (3%/22%%)

14 (1.2%/9%%)

45 (4%/29%%)

5 (0.5%/3%%)

54 (5%/35%%)

2 (0.2#/1.3%%)

144 + 62 [154/135]

14 (1.2%/9%%)
140 (12%/91%%)
67 (6%/44%+)
73 (64/47+%)

0

24 (2#/16%%)

0

0

114 (10%/74%%)
10 (0.9%/6%%)
40 (3.5%/26%%)
13 (1.1%/8%%)
137 (12#/89%%)
4 (0.4%/3%%)

79 (T#/51%%)

37 (3%/24%%)

17 (1.5%/11%%)
135 (12%#/88%%)
19 (1.7%/12%%)
36 =+ 15 [38/33]

20 (1.8%/13%%)

Data are presented as number and proportion (in parenthesis; * related to all
patients, ** related to hypoxaemic patients) or mean + SD and 95 % confi-

dence interval (in brackets)

TIVA total intravenous anaesthesia, BMI body mass index in kg/m’2, ASA
physical status according to classification of American Society of Anaesthe-
siologists, Pulmonary history patients with a history of pulmonary disease
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70 A

W 0-5 years of clinical practise
60 -
M > 5 years of clinical practise

50 -

404

30 1

20 1

mild hypoxaemia

moderate hypoxaemia severe hypoxaemia

Fig. 2 SpO, and anaesthetists’ clinical experience. Incidences of
mild, moderate and severe hypoxaemia in patients anaesthetised by
colleagues with <5 years (blue columns) or more than 5 years (red
columns) of clinical practice. Sixty-three (11.6 %) of the 544 patients
taken care of by anaesthetists with <5 years of clinical practice were
hypoxaemic compared to 91 (15.9 %) of the 594 patients taken care
of anaesthetists with more than 5 years of clinical practice
(p = 0.069). Differences in patients with mild (p = 0.1) and mod-
erate (p = 0.3) hypoxaemia were not different either

All data of analysed patients including biometric data,
variables related to anaesthesia and surgery are summa-
rised in Table 1.

3.1 SpO, at the end of patient transfer to the PACU

The average SpO, of the 984 (86.5 %) normoxaemic
patients was 95 % (SD =+ 2.6 %). The mean SpO, of the
154 (13.5 %) hypoxaemic patients (SpO, < 90 %) was
86 % (SD + 4 %). Among those, 118 (10.4 %) had a mild
(SpO, 85-89 %), 26 (2.3 %) a moderate (SpO, 80-84 %),
and 10 (0.9 %) a severe hypoxaemia (SpO, < 80 %). The
lowest SpO, measured was 60 %.

3.2 Hypoxaemia and anaesthetists’ clinical experience

Differences regarding the incidences of hypoxaemia
between patients anaesthetised by colleagues with clinical
experience up to 5 years compared to those with more than
5 years of clinical experience were not significant
(p = 0.069; Fig. 2).

3.3 Clinical assessment of SpO,

Sixty-four anaesthetists and 26 nurses participated in the
study. The two medical students who also took part in the
study estimated about 50 % of the patients each (student A:
582, student B: 556). Results of the estimations of SpO, in

hypoxaemic patients on clinical grounds are summarised in
Table 2. In general, patients’ SpO, was primarily overes-
timated in patients with a low SpO, by anaesthetists, nurses
and medical students. Details of the results of the clinical
assessment of patients’ SpO, by anaesthetists, nurses, and
medical students are presented separately in the following
sections with an emphasis on hypoxaemic patients.

3.4 Anaesthetists’ clinical assessment of patients’
SpO,

The mean estimated SpO, in all patients was 94.5 % (£2.5)
compared to an average measured SpO, of 93.7 % (£4.2)
with a mean difference of 0.9 % (4+3.8;95 % CI 0.7/1.1).

There was a correlation between the measured SpO, and
the difference between estimated versus measured SpO,
(Spearman’s rho —0.7453, p < 0.001, Fig. 3). Twenty-five
(16.2 %) of the 154 hypoxaemic patients were correctly
identified as being hypoxaemic. The mean estimated SpO, in
hypoxaemic patients was 92.3 % (£3.4) whereas the aver-
age measured SpO, was 85.8 % (£4.0) with a mean differ-
ence of 6.5 % (44.8). Results of the individual estimations
of patients’ SpO, by anaesthetists in hypoxaemic patients are
shown in Fig. 4. Whereas in hypoxaemic patients who were
anaesthetised by colleagues with <5 years of clinical expe-
rience the mean difference between the estimated SpO,
[mean 92.7 % (£2.7)] and the measured SpO, [mean 85.4 %
(£4.8)] was 7.3 % (£4.8) the corresponding results in
hypoxaemic patients who were taken care of by anaesthetists
with >5 years of clinical experience were 92.0 % (£3.8),
86.0 % (£3.3) and 5.9 % (£4.7), respectively. Estimation
errors of patients’ SpO, were not different between these two
groups of anaesthetists (p = 0.63).

3.5 Nurses’ clinical assessment of patients’ SpO,

Twenty-three (14.9 %) of the 154 hypoxaemic patients were
correctly identified as being hypoxaemic. In those hypox-
aemic patients, the estimated SpO, [mean 92.4 % (£2.9)]
was off on average by 6.6 % (£4.0) compared to the mea-
sured SpO, [mean 85.8 % (£4.0)]. Results of the individual
estimations of patients’ SpO, by nurses in hypoxaemic
patients are presented in Fig. 5. The average clinical expe-
rience of the nurses who participated in this study was
15 years (£8.6, range 0.5-40 years). Clinical experience did
not have a positive impact on the accuracy of clinically
assessing the SpO, in hypoxaemic patients (p = 0.18).

3.6 Medical students’ clinical assessment of patients’
SpOZ

Twenty-one (13.6 %) of the 154 hypoxaemic patients were
correctly identified as being hypoxaemic. The average
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Table 2 Results of estimations of patients’ SpO, in hypoxaemic patients

Patients assessed by

Anaesthetists with Anaesthetists with Nurses Students
<5 years of clinical >5 years of clinical (n = 1,138) (n = 1,138)
practice (n = 544) practice (n = 594)
Hypoxaemia (n = 154) 63 (11.6) 91 (15.9) 154 (13.5) 154 (13.5)
Hypoxaemia not detected 55 (10.11/87.3) 74 (12.5/81.3) 131 (11.5/85.1) 133 (11.7/86.4)
Mild Evaluated correctly 8 (1.47/12.7) 6 (1.01/6.6) 11 (1.0/7.1) 6 (0.5/3.9)
hypoxaemia Hypoxaemia not detected 43 (7.90/68.3) 59 (9.9/64.8) 106 (9.3/68.8) 112 (9.8/72.3)
SpO, 85-89 % Overestimated (SpO, < 85 %) 2 (0.38/3.2) 0 (0/0) 1 (0.1/0.6) 0 (0/0)
(n = 118)
<5 years n = 53
>5 years n = 65
Moderate hypoxaemia Evaluated correctly 0 (0/0) 2 (0.3/2.2) 0 (0/0) 1 (0.1/0.6)
SpO, 84-80 % Rated as normoxaemic 9 (1.65/14.3) 11 (1.9/12.1) 20 (1.8/13.0) 17 (1.6/11.0)
(n = 26) Underestimated (SpO, 85-89 %) 1 (0.18/1.6) 2 (0.3/2.2) 6 (0.5/3.9) 8 (0.7/5.2)
<5 years n = 10 Overestimated (SpO, < 80 %) 0 (0/0) 1 (0.2/1.1) 0 (0/0) 0 (0/0)
>5 years n = 16
Severe Evaluated correctly 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0)
hypoxaemia Rated as normoxaemic 3 (0.55/4.8) 4 (0.67/4.4) 5(0.4/3.2) 4 (0.4/2.3)
SpO, < 80 % underestimated (SpO, 80-89 %) 2 (0.37/3.2) 1 (0.17/1.1) 5 (0.5/3.2) 6 (0.5/3.9)
(n = 10)

<Syearsn =735

>5 yearsn = 5

Data are presented as number and proportion related to all patients in this group and related to hypoxaemic patients in this group (in parenthesis)

difference between the measured SpO, [mean 85.8 %
(£4.0)] and the estimated SpO, [mean 92.1 % (£2.6)] was
6.4 % (43.7). Results of the individual estimations of
patients’ SpO, by the two medical students in hypoxaemic
patients are shown in Fig. 6. As illustrated in Figure 7 and
8 (see Supplemental Digital Content 4 and 5), neither of
them improved over time concerning the accuracy of
clinically estimating patients’ SpO, (student A: Spear-
man’s tho —0.0206, p = 0.8527 and student B: Spear-
man’s tho —0.0299, p = 0.8058).

3.7 European survey
3.7.1 Results in the Netherlands

In most Dutch university hospitals, neither pulse oximetry
(6 out of 8) nor supplemental oxygen (7 out of 8) is used
routinely in all patients breathing spontaneously during
transfer from the OR to the PACU. Estimated transfer
times are relatively short (mean transfer time: 0.5-3 min;
minimal transfer time: 0.5-2 min; maximal transfer time:
1-5 min).

@ Springer

3.7.2 Results in Denmark

Of the 21 hospitals that were contacted 18 returned the
questionnaires. Among those, there were 10 major hospi-
tals (including university hospitals). In all but two hospi-
tals, patients who undergo a procedure under general
anaesthesia are routinely transferred to the PACU using
either pulse oximetry in all patients and supplemental
oxygen on request (n = 2), or supplemental oxygen in all
patients and pulse oximetry on request (n = 4), or pulse
oximetry and supplemental oxygen in all patients (n = 10).
In two hospitals, both pulse oximetry and supplemental
oxygen is used on request. In the latter, average transfer
times were estimated to be 1 and 5 min, respectively. The
ranges of the transfer times were estimated from a mini-
mum of 1 and 5 min to a maximum of 2 and 10 min,
respectively.

3.7.3 Results at the 2013 Euroanaesthesia meeting

A total of 122 anaesthetists participated in the study. They
work at 114 different institutions in 14 different European
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Fig. 3 Difference between measured SpO, and anaesthetists’ esti-
mations of SpO,—all patients. SpO, measured by pulse oximetry
(abscissa) plotted against the difference between the anaesthetists’
estimation of the patients’ SpO, and the measured SpO, (ordinate) in
all patients (modified Bland—Altman plot). Data points under the blue
line represent patients whose SpO, was underestimated and data
points above the blue line represent patients whose SpO, was
overestimated. A point may represent multiple data with the same
value
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Fig. 4 Difference between measured SpO, and anaesthetists’ esti-
mations of SpO,. SpO, measured by pulse oximetry (abscissa) plotted
against the difference between the anaesthetists’ estimation of the
patients’ SpO, and the measured SpO, (ordinate) in hypoxaemic
patients (modified Bland—Altman plot). Data points under the blue
line represent patients whose SpO, was underestimated and data
points above the blue line represent patients whose SpO, was
overestimated. A point may represent multiple data with the same
value

countries. Results of the survey are presented in detail in
Table 3. Results of countries with one participant each
(n = 3) are not shown.

In summary, results of the survey demonstrate that
patient transfer to PACU regarding the use of pulse
oximetry and supplemental oxygen differs a lot in Europe.
Moreover, results of the survey clearly suggest that in
several countries (e.g. Austria, Portugal, and Spain) the use
of pulse oximetry and/or supplemental oxygen in all
patients breathing spontaneously transferred to PACU is
not standard of care.
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Fig. 5 Difference between measured SpO, and nurses’ estimations of
SpO,. SpO, measured by pulse oximetry (abscissa) plotted against the
difference between the nurses’ estimation of the patients’ SpO, and
the measured SpO, (ordinate) in hypoxaemic patients (modified
Bland—Altman plot). Data points under the blue line represent patients
whose SpO, was underestimated and data points above the blue line
represent patients whose SpO, was overestimated. A point may
represent multiple data with the same value
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Fig. 6 Difference between measured SpO, and medical students’
estimations of SpO,. SpO, measured by pulse oximetry (abscissa)
plotted against the difference between the medical students’ estima-
tion of the patients’ SpO, and the measured SpO, (ordinate) in
hypoxaemic patients (modified Bland—Altman plot). Data points
under the blue line represent patients whose SpO, was underestimated
and data points above the blue line represent patients whose SpO, was
overestimated. A point may represent multiple data with the same
value

4 Discussion

Shortly after the introduction of pulse oximetry into clini-
cal practice, shortcomings of the assessment of patients’
oxygenation and the detection of hypoxaemia based on
clinical signs were demonstrated both for the period during
as well as for the period following general anaesthesia [8—
10]. Results of a more recent study [7] confirmed the
deficiencies of clinically assessing patients’ oxyhaemo-
globin fraction and more importantly the unreliability of
clinically detecting hypoxaemia. Even though there is a
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widespread assumption that anaesthesia providers who
have been working in anaesthesia for many years are better
at clinically assessing patient’s SpO, and detecting hyp-
oxaemic patients, there has been no systematic investiga-
tion as the validity of this assumption.

Results of this work reconfirm the shortcomings of clin-
ical signs to estimate patients’ SpO, and, more importantly,
to detect hypoxeamia. Given the clinical significance of
hypoxeamia, data analysis focused on comparing estimated
SpO, to measured SpO, in hypoxaemic patients. Hypoxa-
emia was not detected in 84 % by anaesthetists, 85 % by
nurses, and 86 % by medical students. Even among the 10
patients with severe hypoxaemia (SpO, < 80 %) 7, 5, and 4
patients were not considered to be hypoxaemic by anaes-
thetists, nurses and medical students, respectively (Table 2).
Comparison of the scatter plots showing the difference
between estimated and measured SpO, in hypoxaemic
patients of the three study groups clearly illustrates that all
three study groups did similarly poor assessing the patients’
SpO, and detecting hypoxaemia (Figs. 4, 5, 6). Likewise,
the mean difference between estimated and measured SpO,
in hypoxaemic patients assessed by anaesthetists with more
than 5 years of clinical experience [5.9 % (+4.7; 95 % CI
6.9/5.0)] was similar to corresponding data obtained by
anaesthetists with up to 5 years of clinical experience
[7.3 % (£4.8; 95 % CI 8.5/6.1)]. Estimation errors of
patients’ SpO, were not different between these two groups
of anaesthetists (p = 0.63).

In line with that, estimation errors of hypoxaemic
patients’ SpO, by nurses demonstrated that clinical expe-
rience did not improve the nurses’ ability to correctly
assess SpO, in hypoxaemic patients (p = 0.176). Accord-
ingly, neither of the medical students showed a significant
improvement over time concerning their ability to correctly
estimate SpO, in hypoxaemic patients (p = 0.85 and 0.81).

Given these results, it is now evident that medical
training and clinical experience do not improve the
assessment of patients’ SpO, and, more importantly, the
clinical detection of hypoxaemia under conditions that this
study was conducted.

In addition, given that hypoxaemia did not occur less
frequently in patients anaesthetised by more experienced
colleagues compared to those with less experience (see
Fig. 2) results of this study strongly emphasize that the
findings of this study may be relevant for both inexperi-
enced and experienced anaesthetists.

4.1 Use of pulse oximetry and supplementary oxygen
outside of Germany

In order to evaluate the clinical relevance of these results
outside of Germany it is important to elucidate how pulse
oximetry and supplementary oxygen are used in patients

breathing spontaneously during transfer from OR to PACU
in other countries. Findings of our survey demonstrate that
the situation in this respect is not homogeneous in Europe.
On the one hand, results of the enquiry in Denmark dem-
onstrated that in the vast majority of hospitals either pulse
oximetry, supplemental oxygen, or both are routinely
applied to patients. This suggests that the knowledge of the
inability to clinically detect hypoxaemia has already been
incorporated to a large extent into clinical practice patterns.
On the other hand, findings of the non-representative sur-
vey among anaesthetists from many other countries (e.g.
Austria, Spain and Portugal) demonstrated that pulse
oximetry and supplemental oxygen are not applied rou-
tinely but rather on request in many hospitals. In these
hospitals that apply pulse oximetry and supplementary
oxygen only on request, the estimated mean transfer times
ranged from 0.5 to 10 min with an average from 3.2 to
4.3 min. These results are similar to the ones we recently
obtained in a survey conducted at all German university
hospitals [7]. Therefore, results of this study and of our
previous study [7] might be relevant for anaesthesia pro-
viders in countries like Austria, Portugal and Spain. Results
obtained from attendees from the other countries (Belgium,
France, Greece, Italy, Lithuania, Poland, Romania, and
Slovenia) were less conclusive given the smaller number of
participants in the survey. However, even a conservative
interpretation of those results suggests that patient transfer
from the OR to the PACU (estimated transfer times also
ranging from 0.5 to 10 min) without supplemental oxygen
and pulse oximetry is not uncommon in these countries. In
summary, given the similarities between Germany and
many European countries concerning everyday practice of
patient transfer from OR to PACU and transfer times it can
be assumed that hypoxaemia during transfer from the OR
to the PACU also occurs in countries other than Germany.

4.2 Recommendations of national anaesthesia societies

While the use of pulse oximetry during general anaesthesia
to prevent hypoxaemia is mandatory throughout Europe
according to the official recommendations of the national
anaesthesia societies, the situation with respect to recom-
mendations concerning post-anaesthesia care to prevent
hypoxaemia during patient transfer to the PACU after gen-
eral anaesthesia is inconsistent. Examples of that diversity
are listed in detail online (supplemental digital content 6).
Taken together, guidelines don’t even exist (e.g. Aus-
tria), or (e.g. Germany, Denmark, Holland, Spain; ESA) do
not require pulse oximetry or supplemental oxygen (except
for the British guidelines) or both in all patients to prevent
desaturation and hypoxaemia [11-15]. Hence, everyday
practice throughout Europe seems to be by and large in
accordance with both the national and the ESA safety
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guidelines of post-anaesthesia care as the use of pulse
oximetry and supplemental oxygen during patient transfer
are at the discretion of the anaesthetist, i.e. depending on
the individual interpretation of the guidelines by the
anaesthetist.

4.3 Patient safety and use of pulse oximetry on request

From a patient’s safety point of view decisions at the dis-
cretion of the anaesthetist concerning the use of pulse
oximetry and supplemental oxygen are debatable for the
following reasons. First, hypoxaemia cannot be predicted
reliably despite the identification of risk factors [7]. Sec-
ond, the detection of hypoxaemia using clinical signs has
repeatedly been shown to be extremely unreliable [7, 8,
16]. Third, according to the results of this study, the
shortcomings of clinically assessing patients’ SpO, and
more importantly of clinically detecting hypoxaemia are
independent of clinical experience as well as medical
education. Results also suggest that clinical experience
does not result in lower incidences of hypoxaemia (Fig. 2).
Finally, according to previous results [7] and results of this
work estimated transfer times vary a lot with maxima
ranging from 1 to 20 min in those hospitals that apply pulse
oximetry and supplemental oxygen on request only. In
addition, it cannot be excluded that transfer times take
longer than planned in case of unexpected incidents.

4.4 Clinical relevance of transient hypoxaemia

In order to evaluate the impact of our findings on every day
clinical work it is important to know if transient hypox-
aemias are of any clinical relevance and therefore what the
significance of detecting hypoxaemias by means of pulse
oximetry is. To date, it is impossible to give an unambig-
uous answer to these questions.

Systematic reviews that explored the benefits of pulse
oximetry for perioperative monitoring [17, 18] came to the
conclusion that the value of perioperative monitoring with
pulse oximetry is questionable in relation to improved
reliable outcomes. However, data analyses were primarily
(about 90 % of included patients) based on a study by
Moller et al. [19] carried out over 20 years ago at a time
when troponin as a marker of myocardial ischemia was not
yet available and cardiovascular complications were only
defined as angina or ST-segment changes. Therefore, it is
not possible to draw any conclusions from this study
concerning the incidence of silent myocardial events such
as NSTEMI in hypoxaemic patients compared to norm-
oxaemic patients. Moreover, since data collection in the
study by Moller et al. [19] was only until the patient was
discharged from hospital or the latest to the 7th postoper-
ative day, no conclusions concerning long-term morbidity
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and mortality could be drawn. A further large prospective
randomised study to prove a positive effect of pulse
oximetry on the incidence of perioperative complications is
very unlikely to be carried out as such a study is considered
by most as unethical [20].

Despite the ambiguous evidence concerning a positive
impact of pulse oximetry on patient outcome, the following
reasons are in favour of considering a non-stop use of pulse
oximetry during and after general anaesthesia. It is still
unknown what extent of hypoxaemia (determined by the
duration and degree of hypoxaemia) is deleterious when
considered in relation to the individual condition of a
patient. Hence, we cannot rule out that even short lasting
drops of SpO, induce a damage that does not have any
immediate measurable negative effect on commonly mea-
sured outcome parameters (e.g. admission to ICU) but that
cause over time in combination with previous and future
deleterious events negative effects on patient outcome.

Therefore, unless transfer times less than 2-3 min can
be guaranteed and the patient lungs are mostly denitro-
genised, the authors of this study advocate to critically
question the use of pulse oximetry and supplemental oxy-
gen on request only. Accordingly, as a consequence of the
study results department policies were changed in the
authors’ (HA, LE, MB, JH, CA, DR) institution. Portable
oxygen tanks are available for every patient transfer from
the OR to the PACU following general anaesthesia. Sup-
plemental oxygen is given if orders to the patient to take
deep breaths do not result in normoxaemia. If portable
pulse oximetry is not available supplemental oxygen is
mandatory.

4.5 Limitations

A drawback to this study is that the methodology to carry
out the survey was not consistent even though the same
tool (questionnaire) was used for every participant. How-
ever, it is important to realize that the main purpose of
conducting a survey was not to get a representative picture
of how patient transfer from OR to PACU is done in all
European countries, but rather to assess whether there is
evidence that use of pulse oximetry and supplemental
oxygen only on request in selected patients for transfer to
PACU is constrained to Germany alone. The Netherlands
and Denmark were chosen for practical reasons with
authors of this study working in these countries. According
to experience from a previous study [7], the rate of replies
to questionnaires is increased when contacting participants
directly and individually instead of sending questionnaires
to participants without addressing them individually. Also
for practical reasons, the survey among attendees of the
Euroanaesthesia 2013 Meeting was conducted as an inter-
view (using the same questionnaire that was used in the
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Netherlands and Denmark) in order to be able to contact
anaesthesia providers from many European countries in
person. Compared to simply filling in a questionnaire
without any assistance the interview has the advantage of
giving the interviewer the chance to clarify questions that
are difficult to understand for the interviewee and to dou-
ble-check on answers to make sure they are authentic. In
particular the latter seems to be an important point as many
interviewees answered they would use pulse oximetry or
oxygen routinely. However, when asked explicitly, if this is
really the case in every patient, the answer was corrected.

The authors are aware that the way the survey was
carried out at the Euroanaesthesia 2013 meeting is not a
suitable instrument to yield representative results. How-
ever, bearing the main purpose of the survey in mind,
interviewing attendees of the meeting appears to be an
adequate tool. In fact, the authors are convinced that the
results of the interviews carried out at the Euroanaesthesia
meeting may be more authentic than answers to question-
naires sent out (e.g. to heads of anaesthesia departments) as
the latter might reflect the official local standards of care
which may not always be in accordance with what anaes-
thetists really do in everyday practice [21, 22].

Even though FiO, was changed to 1.0 in every patient
we did not record the resulting FeO, when the airway was
removed and, therefore, couldn’t investigate any correla-
tion between FeO, and hypoxaemia. In addition, the exact
time between removal of the airway and measurement of
SpO, was not recorded. Likewise, the exact waiting time in
patients who had to wait at the mechanical transfer table
resulting in a significant increase in the total transfer time
was not recorded either. Presumably, results of this study
would be more conclusive if the exact time between
removal of the airway and measurement of SpO, as well as
the exact FeO, at removal of the airway had been recorded.
Analysis of such data might have enabled to justify what
patients can be safely transferred to PACU without pulse
oximetry and or supplemental oxygen.

A major shortcoming of this study are the suboptimal
lighting conditions in the area where the assessments took
place. According to Australian standards only lamps that
have a cyanosis observation index (COI) below 3.3 and a
correlated colour temperature (CCT) between 3,200 and
5,500 K are suitable for the reliable detection of cyanosis
[23]. Osram L38W-840 have a COI of 15.2 and a CCT of
4000. Therefore, the lamps used in this study do not meet
the Australian standards for a reliable clinical detection of
cyanosis. Consequently, we cannot rule out that clinical
experience will result in a better detection of cyanosis
under optimal lighting (e.g. natural sun light). However,
according to Midolo and Sergeyeva [23], earlier work by
Dain and Hood [24] suggested that light sources, which
will allow the reliable detection of cyanosis should have an

appropriate power output in the red part of the visible
range, particularly around 660 nm where the maximum
difference in spectral absorption between oxyhaemoglobin
and de-oxyhaemoglobin occurs. It was concluded, that a
patient’s skin colour may appear darker and therefore the
patient may be misdiagnosed with cyanosis if the output is
too low. Accordingly, many of the patients of our study
should have been misdiagnosed as cyanosed. Interestingly,
this was not the case at all. In fact, many patients with
hypoxaemia were assessed as being normoxaemic.
Regardless of these inconsistencies, findings of this study
clearly demonstrate that greater clinical experience does
not result in a better clinical observation of cyanosis that
might be concealed by suboptimal lighting. We don’t know
how common the use of the lamps is that we use (and the
many other lamps that don’t have a COI < 3.3 either).
However, we assume that our institution is not the only one
where lighting does not meet the Australian standards.
Consequently the questions arise how well the COI of the
different lighting systems is known among anaesthesia care
providers and how familiar are those who know about the
COI with the lighting of the place they work at in order to
make a decision whether it is safe to monitor patient’s
oxygenation by looking for cyanosis.

Accordingly, considering above limitations of the
observational study, one could argue that results of this
study are irrelevant. However, it is important to realise that
factors such as anaemia (which makes cyanosis less unli-
kely to develop) and lighting in the OR and the PACU are
usually not taken into consideration when making the
decision not to use pulse oximetry and oxygen for patient
transfer. Instead, such a decision is rather based on the
opinion that it is safe to do so which is in part founded on
the view one would detect if the patient’s oxygenation is
insufficient. Therefore, the results of this observational
study in combination with the results of the survey clearly
reveal the failure to implement principles of respiratory
physiology into clinical practice.

5 Conclusion

In the immediate post-anaesthesia period including transfer
from OR to PACU the use of pulse oximetry in all patients to
detect hypoxaemia is considered advantageous for patient
safety. Oxygen should be applied immediately in hypox-
aemic patients (if prompts to take deep breaths do not result
in normoxaemia) as long as any negative effects of transient
hypoxaemias on patient outcome cannot be ruled out.
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