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Summary

BACKGROUND: Over the last three decades, the use of
outpatient surgery has been steadily increasing. Simulta-
neously, there has been an inciting movement to mea-
sure and improve healthcare quality and safety. Never-
theless, anaesthesia-related morbidity remains significant.
We aimed to evaluate the incidence of intraoperative ad-
verse events (IAEs) occurring during outpatient surgery.

METHODS: We used data from the Anaesthesia Data-
bank Switzerland (ADS), a voluntary register. We as-
sessed the overall and specific incidence of IAEs, ac-
cording to a predefined list of technical, cardiovascular,
organisational, respiratory, and general incidents in
Switzerland between 2000 and 2016. Primary and sec-
ondary outcomes were modelled using multi-level logistic
regression analysis, and the time trend on the probabilities
of events was assessed.

RESULTS: Between 2000 and 2016, 289,948 outpatient
anaesthesia procedures were performed. During this pe-
riod, the estimated probability of overall intraoperative ad-
verse events decreased from 10.8% to 6.3%, and from
2.3% to 1.4% for technical incidents, from 3.0% to 2.2%
for cardiovascular, from 1.6% to 1.3% for organisational,
from 0.9% to 0.7% for general, and from 1.1% to 0.7% for
respiratory incidents.

CONCLUSIONS: The occurrence of intraoperative ad-
verse events in ambulatory anaesthesia has continuously
decreased between 2000 and 2016. This trend is essen-
tially attributable to a reduction in the incidence of techni-
cal, cardiovascular and organisational events.

Keywords: intraoperative care, adverse events, surgical
procedures, outpatient, anaesthesia, registries, logistic re-
gression

Introduction

Over the last three decades, the popularity of outpatient
surgery (same-day, day-case) has been steadily increasing
[1–3]. In the USA, the number of procedures being per-
formed in ambulatory surgical centres increased from

380,000 in 1983 to 31.5 million in 1996 [4], and in
Switzerland, the proportion of outpatient procedures in-
creased by 13.4% between 2006 and 2010 [5–7].

There are several reasons for this transition from inpatient
to outpatient. First, the development of novel anaesthetic
agents that enable patients to regain consciousness more
quickly and with fewer side effects has reduced the time
frame of anaesthesia and post-anaesthetic monitoring [2].
Second, the emergence of new minimally invasive surgical
procedures has reduced the duration of surgical procedures
[8]. These two technical factors have made it possible to
carry out more and more ambulatory procedures. Third,
the savings achieved by reducing the length of stay in the
hospital has been an important catalyst [6]. Previous re-
search shows that outpatient interventions are often cheap-
er than hospitalisation to perform the same surgical proce-
dures [6].

Simultaneously, there has been an inciting movement to
assess and improve the quality and safety of healthcare
[9–11]. Anaesthesiologists have been leaders in improving
patient safety [8]. Indeed, anaesthesia-related mortality has
outstandingly decreased over the last 50 years [5]. At the
end of the 20th century, 1/900 patients died because of
anaesthesia [9]. In the late 1950s, anaesthesia-related mor-
tality was much lower and ranged from 3.1/10,000 to 6.4/
10,000 [10, 11]. During the last three decades, mortality
figures associated with anaesthesia have dropped to
0.04–0.07/10,000 anesthetised patients [12, 13].

Nevertheless, although anaesthesia can claim successes in
mortality reduction, anaesthesia-related morbidity remains
significant [13]. For example, in a number of specific tech-
niques such as airway control, hoarseness of voice follow-
ing tracheal intubation has been reported in 14–50% of
patients [14], or in epidural anaesthesia, accidental dural
perforations occurred in 0.5–0.6% of interventions
[15–17]. Arrhythmia due to insufficient analgesia is the
most common event in regional anaesthesia [18]. The over-
all incidence of minor anaesthesia-related perioperative in-
cidents, such as hypotension or arrhythmia, was found to
be between 18% and 22% [18, 19]. Therefore, it is fun-
damental to strive to continuously improve the practice of
anaesthesia. For this purpose, the Anaesthesia Databank
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Switzerland (ADS), a voluntary data registry, was set up in
1996 in Switzerland [5]. Between 1996 and 2016, the ADS
provided internal and external benchmark comparisons to
the (up to 40) departments who participated.

We used ADS data to assess the overall incidence and time
trend of intraoperative adverse events (IAEs) in ambula-
tory surgical interventions carried out between 2000 and
2016 in Switzerland. The secondary goal was to investi-
gate the specific incidence and evolution of technical, car-
diovascular, organisational, respiratory, and general sub-
categories of IAE.

Methods

Data source, inclusion and exclusion criteria
The ADS registry aims at improving the quality and safety
of anaesthetic procedures through regular activity report-
ing of participating anaesthesia services. Participation was
open to any public and private hospitals of various sizes
and types in Switzerland [5]. In this study, we considered
only hospitals providing information on IAEs [5]. Our in-
clusion criteria were all anaesthetic procedures performed
for surgical intervention on outpatients aged ≥18 years. We
included all procedures performed between 1 January 2000
and 31 December 2016.

We excluded procedures with missing values in the vari-
ables: age, gender, American Society of Anesthesiologists
(ASA) physical status, comorbidities, surgery emergency
status, hospitalisation type, anaesthesia type or type of
surgical procedure. We also excluded cardiac, obstetrics,
transplants, radiology, radiotherapy acts, pre-anaesthetic
consultations, and other non-surgical procedures (such as
pain treatment), as well as procedures in ASA 5 and 6 pa-
tients (a flowchart of included and excluded patients is pro-
vided in supplementary figure S1 in appendix 1).

Outcomes (IAEs)
An adverse event was defined as “a particular event re-
quiring either one or more measures to be taken to avoid
further deterioration or to treat a situation that is currently
or potentially serious, and which does not routinely occur
during the conduct of anaesthesia” [20].

For this study, we focused only on adverse events occur-
ring between the arrival of the patient in the operating
room and their exit to the recovery room, defined as IAEs.
The primary outcome was the occurrence of any IAE (ir-
respective of the severity grading of the individual events
as this information was not available), and the secondary
outcomes were the occurrence of technical, cardiovascular,
organisational, respiratory, and general events. A detailed
list and definitions of these events are available in previ-
ously published works [5, 21] and were summarised in ta-
bles S1 and S4 in appendix 1.

Independent variables
A full description of the independent variables used in the
analyses is provided in table S1 (appendix 1). They can be
grouped as factors related to patient, anaesthesia, surgery,
and hospital. Patient-related factors comprised age, divided
into five quantiles, gender, ASA physical status from 1 to
4, and comorbidities (grouped into six categories: none,
cardiovascular, respiratory, general, risk factors, others, see

table S1 for details). Factors related to anaesthesia con-
tained information about the type of anaesthesia performed
and the duration of the procedure (divided into six cat-
egories). Surgery-related factors contained information
about the surgical procedures (grouped in seven surgical
specialties) and the surgery emergency status. Factors re-
lated to the hospital specified the year of the procedures
and an indicator variable for each hospital.

Statistical analyses
Descriptive data are shown as numbers and percentages for
categorical variables, mean and standard deviation (SD)
when symmetrically distributed, and median and interquar-
tile range (IQR) when skewed. To compare outpatients
with inpatients, Student’s t-test, the chi-square test and
Wilcoxon rank-sum test were used, depending on the vari-
able type. The data have a complex multi-level structure,
with crossed effects and multiple memberships (patients
are nested within the cross-classification of procedures and
hospitals, and a patient may have several procedures).
Therefore, primary and secondary endpoints were mod-
elled using multi-level logistic regression models with
fixed effects [22]. At each level, potentially confounding
variables were included. Variables at the first level were re-
lated to patients (age, gender, ASA status, comorbidities),
interventions (degree of emergency, duration of anaesthe-
sia) and anaesthesia (general, loco-regional, combined and
standby); and those at the second cross-classified levels
were related to procedure and hospital characteristics. All
these variables were included in all the models estimated
and no variable selection was performed. The variable
“year” was included in the regression models using a cubic
polynomial to assess the time trend on the probabilities
(i.e., to assess whether there was some kind of “technical”
progress over time). The marginal probability of each out-
come at years 2000, 2004, 2008, 2012, and 2016 was com-
puted and plotted to visualise the time trend. The goodness
of fit of the model was assessed by the Hosmer-Lemeshow
test and the calibration belt (when the power of the test was
too high due to the very large sample sizes), and the dis-
criminatory power by the area under the receiver operat-
ing characteristic (ROC) curve [23, 24]. Given the size of
our data sample, the focus should be on effect sizes and
95% confidence intervals (CIs) rather than on p-values. All
analyses were performed using Stata version 15.1 (Stata-
Corp, College Station, TX, USA).

Results

From 1 January 2000 to 31 December 2016, 3,496,201
anaesthesia procedures were conducted in the 32 hospitals
participating in the IAE data collection of the ADS project.
After applying our exclusion criteria, 1,066,049 proce-
dures remained for the descriptive analysis and 289,948
(27%) were outpatient procedures (fig. S1 in appendix 1).

Baseline sample characteristics
Inpatients were older than outpatients (58 vs 51 years;
table S2 in appendix 1). Twenty-two percent of inpatients
were classified as ASA 1 versus 35% of outpatients,
whereas 27% of inpatients had an ASA score above 3 vs
13% in outpatients (p <0.001). Over the 17 years, the year-
ly distribution of the ASA scores remained quite uniform,
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with ASA 1–2 cases representing between 85% and 90%,
ASA 3 cases between 10% and 14%, and ASA 4 cases be-
tween 0.4% and 1.4%.

General anaesthesia was more frequently performed in in-
patients than in outpatients (61% vs 48%), whereas re-
gional anaesthesia and stand-by / monitored anaesthesia
care (MAC) was used more for outpatients than inpatients
(50% vs 30%, p <0.001). The mean duration of anaesthetic
procedures was longer in inpatients than in outpatients
(137 vs 74 min, p <0.001). Urology and general surgeries
were performed more frequently in inpatients than outpa-
tients, whereas gynaecology, ophthalmology and ear-nose-
throat (ENT) procedures were performed more in outpa-
tients than inpatients, p <0.001.

No IAE occurred in most (91.4%) of the procedures carried
out on ambulatory patients (table S3). When comparing
characteristics of ambulatory patients with and without
IAE, we observed that patients who had IAEs had a higher
ASA score, more comorbidities, more frequently under-
went a general or combined anaesthesia, an ENT or or-
thopaedic surgical procedure, and had longer durations of
anaesthetic procedures.

Prevalence of IAEs
The prevalence of IAEs overall (8.6%) and by category of
IAE is provided in table S4. The category with the highest
prevalence of IAEs was cardiovascular incidents (2.32%),
followed by technical incidents (1.89%), and organisation-
al incidents (1.42%). The categories with the least IAEs
were general (0.96%) and respiratory incidents (0.78%).
Since the incident type in the “others” category was un-
known, this category was not included in our secondary
analyses. Unavailable surgeon was the most frequent IAE
(1.14%), followed by insufficient sedation (0.87%), hy-
potension (0.81%), technical problems (0.74%) and de-
layed wake-up (0.71%). In contrast, the least prevalent
IAEs were oliguria (<0.01%), dental lesions (0.01%), my-
ocardial ischaemia (0.01%) and resuscitation (0.01%).

Risk factors and time trend of IAEs
Results of the multilevel logistic regression analysis of the
primary outcome (i.e., any IAE) are provided in table S5.
Increasing age, ASA score, duration of anaesthetic pro-
cedures and comorbidities (except respiratory factors) in-
creased the risk of IAE occurrence. Women were less at
risk than men. Regarding the type of anaesthetic proce-
dure, combined procedures were associated with an in-
creased risk of IAEs (with respect to general anaesthesia),
while loco-regional anaesthesia and stand-by/MAC were at
a lower risk. Regarding surgical procedures, urology, oph-
thalmology, and ENT were associated with an increased
risk of IAE. There was no association between the degree
of emergency of surgery and IAE occurrence. To ease the
interpretation of the results in table S5 and allow one to vi-
sualise the time trends, the marginal probabilities of IAEs
have been plotted in figures S2–S8 in appendix 1.

The fitted cubic polynomial of time showed that there was
a clear decreasing time trend in the overall incidence IAEs
between 2000 and 2016 (fig.1).

The marginal probability of IAEs decreased from 10.8% in
the year 2000 to 6.3% in 2016.

As regards secondary outcomes, figure 2 illustrates that the
marginal probabilities of specific IAEs also decreased over
the 2000–2016 period, except for the category of general
incidents.

For technical incidents, the probabilities decreased from
2.3% to 1.4%, for cardiovascular from 3.0% to 2.2%, for
organisational from 1.6% to 1.3%, for respiratory from
1.1% to 0.7%, and for general incidents from 0.9% to
0.7%.

The goodness of fit analysis showed that the calibration
and discriminatory power of all the models were good
(for the primary outcome the area under the ROC curve =
0.74).

Discussion

We studied 1,066,049 anaesthesia procedures performed
in 32 Swiss anaesthesia departments, between 2000 and
2016. Out of these, 73% (776,101) were inpatient and 27%
(289,948) were outpatient. Our study showed that over this
period the average incidence of IAEs was 16.1% in inpa-
tients and 8.6% in outpatients, and that technical incidents
and cardiovascular incidents were the most prevalent IAEs
among outpatients. However, the incidence of IAEs was
not constant and showed a continuously decreasing trend
over the seventeen years of study analysis.

We found a higher rate of IAEs (8.6%) than Chung et al.
[25] (3.95%). This difference might be explained by the

Figure 1: Marginal probability of overall IAE occurrence in ambula-
tory anaesthesia between 2000 and 2016.Notice that the origin of
the y-axis does not start at 0.

Figure 2: Marginal probability of specific IAE occurrence in ambu-
latory anaesthesia between 2000 and 2016.
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change in outpatient practice since the Chung et al. study
was published two decades ago. With the ongoing transi-
tion from inpatient to outpatient, many surgical procedures
that required hospitalisation, such as carpal tunnel release,
vein ligations, or cataract surgery, are now more common-
ly performed in outpatient settings [26, 27]. In particular,
there is an increasing number of older and more at-risk
patients treated in ambulatory. This more at-risk case mix
could temporarily lead to an increase in IAEs when shift-
ing from inpatient to outpatient surgery setting, but over
time the incidence should decline with management/tech-
nical improvements (such as the deployment of monitoring
equipment) and staff training (such as nontechnical skills
development) [28–30]. To ensure patient safety, risk as-
sessment procedures are nowadays implemented prior to
the anaesthesia, according to available guidelines. High-
risk patients will be eligible for ambulatory surgery only if
appropriate resources are provided. Fecho et al. explored
the occurrence of IAEs between 2004 and 2005 [30]. They
reported a rate of 1.45% in outpatients [30]. This is quite a
lot lower than in our study during the same period (7.3%).
This difference can be explained by the criteria used to de-
fine IAEs. In their study, they focused on serious periop-
erative complications, whereas in our study we included a
broader array of intraoperative complications.

In the multilevel regression analyses, we found a clear de-
creasing time trend in the overall incidence of IAEs, as
well as in the incidence of most of the specific IAEs. Given
the adjustment for many potential confounders and, impor-
tantly, for hospital effect, under the assumption that report-
ing quality varied across institutions but remained more
or less constant over time within an institution/team, this
time trend may be interpreted as some kind of “techni-
cal progress”, possibly due to improvements in techniques
used, drugs, training, management, etc. Unfortunately, giv-
en the limited information recorded in the registry, we were
not able to identify the precise reasons for this diminish-
ing trend. The fact that the occurrence of IAEs varied sub-
stantially across hospitals (there was a ratio of 18 between
the smallest and largest odds ratios), despite adjustment for
many potential confounders, might be explained by resid-
ual confounding but also by the “safety culture” (i.e., some
teams may have recorded an adverse event as soon as it oc-
curred, even if it was a minor event, whereas others may
have coded only events that persisted for a long time or
those that were severe). Also, the interpretation and use of
the definitions of adverse events might have varied across
the hospitals [31–33]. Nevertheless, given that our analy-
ses were adjusted for the hospital effect, in addition to nu-
merous patients, anaesthesia and surgery characteristics,
the observed decreasing time trend may not be attributable
to the differences across hospitals (including in the report-
ing of incidents) but rather to the above-mentioned “tech-
nical progress”.

We found that age, ASA score, patient’s comorbidities,
gender, duration of the procedure, general and combined
anaesthesia, were associated with the risk of IAEs. Others
found similar associations [21, 25, 34–36], therefore con-
firming that these variables were important confounders to
include in our regression analyses.

This study naturally has several limitations. First, this was
an observational study of routinely collected data based on

voluntary participation and coding quality may have dif-
fered across institutions. Nevertheless, given that the data
were collected using a standardised protocol and that the
very large number of observations allowed us to adjust for
a large array of potential confounders, in addition to the
hospital, we believe that the time trend found is real. Sec-
ond, there were many missing values and the records of in-
terventions were simply deleted (complete case analysis).
Given the extremely large sample size, we did not envisage
carrying out multiple imputations. Implicitly, this means
that we assumed that data were missing completely at ran-
dom. Third, it was not possible to take into account the
severity grading of the adverse events, as this information
was not available. Nevertheless, we believe that this is not
of concern for assessing the overall time trend of events.
Fourth, using a standardised protocol is naturally limitative
as some IAE may be difficult to catalogue. In addition, the
list of adverse events was not exhaustive. Other events may
have occurred and, since there was no corresponding code,
anaesthesiologists coded them as "Others". This may ex-
plain the relatively high incidence of the "Others" category.
Finally, as participation was voluntary one cannot exclude
that the worst performing institutions may have not partic-
ipated. Nevertheless, given the adjustment for the hospital
effect in the analyses, this is not of concern regarding the
time trend.

In sum, despite the above-mentioned limitations, given
that we analysed data collected prospectively, from a large
number of Swiss hospitals, over a relatively long period of
17 years, and that these routinely collected data reflect the
daily activities of the hospital services participating in the
project, as well as the problems they experienced in per-
and postoperative setting, we believe that our results are il-
lustrative of the “technical” progress made in anaesthesia
in Switzerland during the period 2000-2016.

Conclusion

In conclusion, our study shows that the occurrence of IAE
in ambulatory anaesthesia has been continuously decreas-
ing between 2000 and 2016. This trend is essentially attrib-
utable to the reduction in the incidence of technical, car-
diovascular, and organisational events, whereas the event
rates of general and respiratory events were already very
low and remained somewhat constant.
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Appendix 1

Supplementary data

Table S1: Description of the dependent and independent
variables.

Table S2: Characteristics of inpatients and outpatients.

Table S3: Comparison of outpatients with and without in-
traoperative adverse events.

Table S4: Prevalence of intraoperative adverse events in
ambulatory surgery (n = 289,948).

Table S5: Multilevel logistic regression analysis of overall
intraoperative adverse events in patients undergoing ambu-
latory anaesthesia.

Figure S1: Flowchart of included and excluded patients.

Figure S2: Probability of overall intraoperative adverse
event occurrence by age.

Figure S3: Probability of overall intraoperative adverse
event occurrence by gender.

Figure S4: Probability of overall intraoperative adverse
event occurrence by ASA (American Society of Anesthe-
siologists) score.

Figure S5: Probability of overall intraoperative adverse
event occurrence by comorbidity.

Figure S6: Probability of overall intraoperative adverse
event occurrence by emergency status.

Figure S7: Probability of overall intraoperative adverse
event occurrence by anaesthesia type.

Figure S8: Probability of overall intraoperative adverse
event occurrence by surgical procedure type.

The appendix is available as a separate file at:
https://smw.ch/article/doi/smw.2020.20365.
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