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Summary

AIMS: Anaesthesia safety has improved over time with se-
vere anaesthesia-related complications and death becom-
ing rare events. We investigated anaesthesia-related com-
plications over a period of 17 years in this single centre 
retrospective observational cohort study. The main aims 
were to assess the temporal trends of anaesthesia-related 
complications, their distribution among clinics and their re-
lation to emergency versus non-emergency interventions.

METHODS: In this retrospective, observational cohort 
study, anaesthesia and event protocols of patients who 
suffered from an anaesthesia-related complication were 
collected in the period from 1 January 2003 to 31 Decem-
ber 2019. These data sets were anonymised and grouped 
into demographic information, ASA physical status, infor-
mation about dental status and hospital department. Out 
of the total of 257 cases that were reported to the de-
partment of anaesthesia at the Luzerner Kantonsspital, 
110 were excluded as they were not anaesthesia-related 
and 14 because of incomplete reporting forms. The differ-
ent complications were categorised by the severity injury 
scale score. The total number of anaesthetics during the 
study period amounted to 399,583.

RESULTS: 133 patients with complications were included. 
Six patients died owing to a partially anaesthesia-related 
complication, two suffered from permanent damage, 62 
had temporary symptoms and in 63 patients dental dam-
age occurred. The temporal trend showed a major de-
crease in severe anaesthesia complications and deaths, 
whiledental injuries were the main complications after 
2010. Most of the complications were reported in the or-
thopaedic department, whereas dental injuries were pre-
dominantly reported in the otorhinolaryngology depart-
ment. The majority of complications occurred during 
elective surgery although this was not significant 
(p = 0.53).

CONCLUSIONS: Severe anaesthesia-related complica-
tions and death decreased dramatically during the study 
period. Anaesthesia complications are not more frequent

in emergency surgeries. Overall, complications occurred
more frequently in orthopaedics, and dental injuries pre-
dominated in otorhinolaryngology.

Introduction

Anaesthesiology has a wide area of expertise and intersects
with many other medical specialities. An important aim
for anaesthesiologists is to improve patient safety. Many
studies have reported on anaesthesia-related complications
[1–4]. One of the earliest studies that dealt with anaesthe-
sia-related mortality and patient safety was a large multi-
centre study by Beecher and Todd in 1954. The mortality
rate from 1948 to 1952 ranged between 53 and 69 per
100,000 anaesthetics. the main cause of severe complica-
tions were pharmacological and technical errors [5]. Over
time, there has been technical improvement with the imple-
mentation of pulse oximetry and capnography as well as an
increasing awareness of anaesthesia-related complications
and death. In the 1980s, closed claims regarding anaes-
thesia-related complications were analysed to improve pa-
tient safety and to reduce the complication rate. Shortly af-
terwards, in 1987, the first anaesthetic teams were trained
in crew resource management, as it became clear that in
anaesthesia teamwork most of all and not individual skill
was important for the success or failure of patient manage-
ment [6]. In the 1990s, the critical incident reporting sys-
tem (CIRS), which had been developed by Cooper et al. in
1978, was implemented nationwide in Switzerland [6, 7].
Due to this immense effort to improve anaesthesia safe-
ty, the anaesthesia-related mortality rate was drastically de-
creased [6]. In 2014, Schiff et al. found in a German retro-
spective study that the number of major complications was
about 3 per 100,000 in elective surgery for healthy patients
of American Society of Anesthesiologists (ASA) physical
status class I and II [1].

Although there are many studies on this subject, there are
none reporting on anaesthesia complications during a peri-
od of 17 years in one hospital. We compared our findings
with those published in journals from other countries, cor-
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roborating the changes we observed at the Luzerner Kan-
tonsspital (LUKS).

In our single centre retrospective cohort study, we analysed
anaesthesia-related complications over 17 years at the
Luzerner Kantonsspital (LUKS), Switzerland. Our main
aims were to assess the temporal trends of anaesthesia-re-
lated complications, their distribution among hospital de-
partments and their relation to emergency versus non-
emergency surgery. We extracted the data from incident
reports which had been reported to the department of
anaesthesiology. The complications were classified into
categories and the temporal changes, the distribution of
these complications to hospital departments as well as the
impact of emergency surgery were analysed. Our null hy-
pothesis was that complications occur at the same rate in
non-emergency anaesthesia as in emergency anaesthesia.

During this study period, a critical incident reporting sys-
tem was successfully implemented in 2006, and the head
of department of anaesthesiology changed in 2007.

Material and methods

We conducted a single centre retrospective cohort data
analysis at the LUKS. The LUKS is a large tertiary hospital
in central Switzerland, serving 700,000 citizens [8].

Ethical approval was given by the responsible ethics com-
mission (Ethikkommission Nordwest- und Zentralschweiz,
Hebelstrasse 53, Basel, Switzerland, President Prof. C
Beglinger, Req-2019-00879) on 11 September 2019. The
study is reported in accordance with the ‘Strengthening
the Reporting of Observational Studies in Epidemiology’
(Strobe) Statement.

This study was based on data of anaesthesia protocols,
when complications occurred, case notes from memory of
those who were involved, file notes, as well as informa-
tion on all anaesthetic procedures collected during the peri-
od from 1 January 2003 until 31 December 2019. All data
were anonymised before inclusion.

Inclusion criteria for complication files were a completed
anaesthesia chart, anaesthesia-related complications
(e.g., dental damage, nerve injury, wrong medication ad-
ministered, vocal cord injury, dislocation of jaw, lip in-
juries, "cannot ventilate, cannot intubate"), a completed
standardised form for reported complications and notes of
councils (e.g., neurologist, dentist). If one of the before
mentioned criteria were missing, the complication file was
excluded. Figure 1 summarises included and excluded re-
ports.

Out of the total of 257 cases that were reported to the de-
partment of anaesthesia at the LUKS, 110 were excluded
as they were not anaesthesia related and 14 because of in-
complete reporting forms.

The primary endpoint was occurrence of an anaesthesia-re-
lated complication and its relation to hospital departments.
Secondary endpoints were temporal trends, emergency sta-
tus of the intervention and mortality rate.

All anaesthetic procedures were documented by year, hos-
pital department, emergency status of the intervention and
the nature of the anaesthetic procedure.

Subsequently, the complication data was then organised
by category, age, sex, ASA physical status, and the main

surgical diagnosis that led to the intervention. The list of
the 26 most common diagnoses is included in table 1. For
a better overview, only surgical diagnoses that had been
mentioned at least twice were included.

We added perioperatively dental status, location of dental
damage, mouth opening, Mallampati score, nature of in-
tubation technique and difficulty of intubation. For nerve
injuries we added location of nerve injury, regression of
symptoms, nature of nerve injury, symptom of nerve injury
(e.g., paraesthesia, motor and sensation deficits), and use
of ultrasound.

Complications were categorised by the severity of injury
scoring system (SIS), except dental injuries, which were
based on data from Sowaka [9]. The scoring systems range
from zero to nine on the severity scale, zero meaning no
obvious injury, one emotional injury only, two to four
temporary injuries (two = insignificant, three = minor,
four = major). From score five onwards, the severity scales
include only permanent injuries (five = minor, six = signif-
icant, seven = major, eight = grave), ending with a score of
nine for death.

We included 133 anaesthesia-related complications. Table
2 shows all types of reported complications and the specif-
ic description of each complication.

The complications that only occurred one to three times
per category were summarised as "other" and are listed in
table 3. Many of these complications, such as lip or vocal
cord injuries, occur more often during anaesthestic proce-
dures than reflected in this study.

At the LUKS all patient data are uniformly recorded and
documented in a hospital database. All patients undergoing
surgery automatically get a standardised anaesthesia form,
which includes patient demographic information, diagno-
sis, medication, ASA physical status, information on den-
tal status, mouth opening ability and cervical spine move-
ment, as well as notes on any cardiac and pulmonary health
conditions. Mortality data were collected from the hospital
database. Outcomes of anaesthesia-related complications
were also documented in the hospital database.

Statistical methods

The statistical evaluation included descriptive statistic
(means, relative frequency) and calculation of incidence.
We did not do a logistic regression. Statistical analysis was
performed with R x64, version 3.6.1. Pearson's chi-square
test was used on a 2 x 2 contingency table to test for differ-
ences in complications between emergency and non-emer-
gency anaesthetic procedures. A p-value of less than 0.05
was considered statistically significant. The power of the
study at this sample size has an 87% probability to detect
emergency complications occurring twice as often as com-
plications in non-emergency procedures for a 5% signif-
icance level. Calculations were carried out using meth-
ods laid out by Cohen in 1988 in statistical power analysis
for the behavioural sciences [10]. Because of a p-value
= 0.53 we cannot reject the null hypothesis that complica-
tions occur at a different rate in non-emergency anaesthe-
sia compared to emergency anaesthesia.
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Results

We refer to annual anaesthetic reports dating back to 2003;
between 2003 and 2019 there were 399,583 recorded
anaesthetic procedures. Of these, 56,721 were emergency
procedures. Five partially and one solely anaesthesia-re-
lated events ("cannot ventilate, cannot intubate situation")
led to death. For calculation of the frequency of anaesthe-
sia -related fatal complications all six cases were includ-
ed. The partially anaesthesia death-related complications
were all combined surgical and anaesthesiological compli-
cations.

Two patients suffered from permanent damage (SIS >4),
62 patients had temporary symptoms (SIS <4) and in 63
patients dental damage occurred.

A total of 257 complications were reported between 2003
and 2019. Of these, 124 complications were either not
anaesthesia related or had incomplete data and were there-
fore excluded. There were no reported deaths or severe
complications among the excluded files. Of the remaining
133 complications, 58% involved female patients. The age
distribution showed a mean age of 55, ranging from a min-
imum age of 6 to a maximum age of 98 years. The ma-
jority of patients had an ASA physical status score of I or

II (68%), 29% were ASA III or IV, and for 3% the score
was undocumented. Table 4 gives an overview of the pa-
tients’ characteristics and shows the summary of compli-
cation incidences by hospital department. Most compli-
cations occurred in orthopaedic surgery with a frequency
of 22.5%, followed by general surgery with 21.1% and
15% in otorhinolaryngological, obstetrics and gynaecolog-
ical surgery.

In the majority of complications, the corresponding anaes-
thetic procedure was a general anaesthesia in 76.7% and
a combined peripheral and general anaesthesia in 12%.
11.3% of all complications occurred in a regional anaesthe-
sia, as seen in table 4.

Table 2 outlines the incidence of all complications and
the SIS score. Most frequent were dental injuries (47.3%),
followed by nerve injuries (12.8%). Respiratory and air-
way events were 6% and included five cases of "cannot
ventilate cannot intubate" situations. Permanent injuries
(SIS >4) occurred in two cases (1.6%) and death (SIS = 9)
in six cases (4.6%). 62 complications (46.5%) were tempo-
rary (SIS ≤4). Temporary complications and dental injuries
accounted for 93.8% of all complications.

Figure 1: Included and excluded reports. SIS: severe injury scale
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Figure 2 shows the number of events, ranging from 2 to 17,
by year.

The red arrow represents the implementation of a critical
incident reporting system (CIRS) in 2006 and the blue ar-
row the arrival of a new head of department of anaesthe-
siology in 2007, involving relevant changes detailed in the
discussion below. The temporal trends of the complica-
tions are shown in fig. 3.

There was a sharp decrease of SIS >4, and in particular of
deaths. After 2010, no death due to a partially anaesthesia-
related complication occurred. Although major complica-
tions declined, there was an increase of SIS <4 and den-
tal damage between 2008 and 2010, followed by a second
peak in 2016/2017. The first increase of complications re-
lated to incidents with SIS <4, whereas in 2016/2017 the
majority of complications were dental damage.

Table 1:
The most common surgical diagnosis of the patients who received anaesthesia and for whom an anaesthesia-related complication occurred between 2003 and 2019, n = 98.
The rest of the patients are not included in this table as their diagnosis occurred only once.

Surgical diagnosis Frequency

Hip endoprothesis surgery 10

Laparotomy ovarian, pancreas, kidney tumour 7

Aorto-coronary bypass, aortic valve replacement 6

Hand surgery, e.g., radius osteosynthesis, carpal tunnel syndrome 5

Septorhinoplasty 5

Hysterectomy non-tumour (uterus myomatosus, metrorrhagia ) 5

Thyreoidectomy 5

Vaccuum-assisted closure 4

Shoulder surgery, e.g., shoulder endoprothesis, rotator cuff 4

Birth 4

Caesarean section 3

Mammary surgery non-tumour, e.g. breast reduction surgery 3

Mammary tumour resection surgery 3

Laparoscopic surgery, e.g., cholecystectomy, appendectomy 3

Laparoscopic sleeve surgery 3

Microlaryngoscopy 3

Pigtail procedure 3

Knee arthroscopy, e.g., anterior cruciate ligament, meniscectomy 3

Osteosynthesis ankle joint 3

Lymph node excision cervical 3

Implantable cardioverter defibrillator / pacemaker implantation 3

Cataract surgery 2

Olecranon surgery 2

Achilles tendon 2

Knee endoprothesis surgery 2

Thoracotomy tumour surgery 2

Total 98

Table 2:
Summary and description of complications leading to a report classified by the severity injury scale (n = 133). Dental damage cannot be classified by SIS and is therefore la-
belled as N/A. SIS ≤4: temporary; SIS >4; permanent; SIS = 9: death

Complication leading to a re-
port

Total (%) SIS ≤4 (%) SIS >4 (%) SIS = 9 (%) Description of complications

Local anaesthesia intoxication 3 (2.3) 3 (2.3) 0 0 Patient had a seizure during peripheral nerve block

Cardiovascular event 4 (3.0) 2 (1.5) 0 2 (1.5) Cardiovascular mismanagement such as alarm suppression or drug
overdose in spinal anaesthesia that led to a cardiovascular complica-
tion such as cardiovascular arrest

Vascular catheterisation event 4 (3.0) 2 (1.5) 0 2 (1.5) Mis-insertion of a central or peripheral venous catheter into arterial
system

Catheter event 5 (3.8) 4 (3.0) 0 1 (0.8) Mis-insertion of a peridural, peripheral or gastric catheter or acciden-
tally cutting it through so that parts of the catheter remained in the
body

Positioning event 8 (6.0) 8 (6.0) 0 0 Neurological deficits reported after surgery that were clearly due to
mal-positioning

Respiratory/airway event 8 (6.0) 7 (5.2) 0 1 (0.8) A "cannot ventilate cannot oxygenate" situation, or aspiration, or ac-
cidental one-sided intubation that led to pulmonary oedema

Other* 10 (7.5) 10 (7.5) 0 0 Complications that occurred only one to three times were sum-
marised as "other"

Drug error 11 (8.3) 10 (7.5) 1 (0.8) 0 Wrong drug unintentionally administered

Nerve injury 17 (12.8) 16 (12.0) 1 (0.8) 0 Neurological impairment after neuraxial or peripheral nerve block

Teeth injury 63 (47.3) NA NA NA Avulsion, crown fracture, enamel fracture, filling loss, subluxation of a
tooth after insertion of airway device

Total 133 (100) 62 (46.5) 2 (1.6) 6 (4.6)

* Includes ophthalmology, pain clinic and internal medicine
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The anaesthesia-related death rate was approximately 1.5
per 100,000. There were five cases of a "cannot ventilate,
cannot intubate" situation during this period, leading to a
frequency of 1.25 cases per 100,000 anaesthetics. The esti-
mated frequency for nerve injury (11 neuraxial, 6 peripher-
al) during the same period was 4 nerve injuries per 100,000
anaesthetics. The frequencies for neuraxial and peripheral
nerve injuries were 3 and 1.5 per 100,000 anaesthetics, re-
spectively.

The approximate incidence for dental injuries between
2003 and 2019 was 0.02% with a frequency of 16 cases per
100,000 anaesthetics.

The overall frequency of complications was 133 events
from 2003 to 2019, resulting in 33 complications per
100,000 anaesthetics. Minor complications (including den-
tal damage) occurred in approximately 31 per 100,000
anaesthetics.

In 87.5% the complication occurred during elective day
surgery. However, there was no significant difference in

Table 3:
Complications that only occurred one to three times and summarised as "others".

Other complications n

Eye injury 1

Post-spinal headache 1

Total spinal anaesthesia 1

Vocal cord injury 1

Dislocation of jaw 1

Incorrect breathing circuit 1

Incorrect technique without consent 1

Lip injuries 3

Total 10

Table 4:
Summary of complication incidences and patient descriptive statistics by hospital department with total anaesthesia numbers between 2003-2019.

Variable Cardiothoracic Ear,
nose
and
throat

General Gynaecologyand
obstetrics

Hand &
plastic
surgery

Neurosurgery Oral and
maxillofacial

Orthopaedics Others* Urology Vascular Total

Total patients 8891 29,247 75`506 51,633 23,997 9557 7501 21,016 88,856 18`619 12`918 399`583

Anaesthetic procedures, n (%)

General 6626 (74.5) 27,980
(95.7)

48`981
(64.9)

27,511 (53.3) 7589
(31.6)

9123 (95.5) 7359 (98.1) 11,063 (52.6) 19,312
(21.7)

11`182
(60.1)

6`739
(52.2)

183`465

Regional 114 (1.3) 38
(0.1)

11`602
(15.4)

20,659 (40.0) 12,243
(51.0)

40 (0.4) 5 (0.1) 6044 (28.8) 24,169
(27.2)

3`697
(19.8)

3`322
(25.7)

81`933

Combined 1105 (12.4) 65
(0.2)

10`679
(14.1)

810 (1.6) 442
(1.9)

8 (0.1) 14 (0.2) 3868 (18.4) 150
(0.2)

775
(4.2)

549
(4.2)

18`465

MAC 1046 (11.8) 1164
(4.0)

4`244
(5.6)

2653 (5.1) 3723
(15.5)

386 (4.0) 123 (1.6) 41 (0.2) 45,225
(50.9)

2`965
(15.9)

2`308
(17.9)

63`878

Complications

Patients, n (%) 13 (9.8) 20
(15.0)

28
(21.1)

20 (15.0) 2 (1.5) 4 (3.0) 3 (2.3) 30 (22.5) 6 (4.5) 4 (3.0) 3 (2.3) 133
(100)

Per 100000 146 68 37 39 8 42 40 143 7 21 23 33

Age (years), mean ± SD 66.7 ± 8.7 49.8 ±
21.8

53.5 ±
15.8

47 ± 17.2 51 ±
11.3

61.3 ± 16.5 51 ± 16.6 55.1 ± 25 59.5 ±
17.2

69.8 ±
16.1

69.7 ±
5.8

54.9 ±
19.4

Sex, % Male 69.2 50.0 50.0 0.0 100.0 50.0 100.0 40.0 16.7 50.0 33.3 42.1

Female 30.8 50.0 50.0 100.0 0.0 50.0 0.0 60.0 83.3 50.0 67.7 57.9

ASA score,
%

1–2 23.1 80.0 71.4 88.9 50.0 75.0 66.7 75.9 66.7 66.7 33.3 69.8

3–4 76.9 20.0 28.6 11.1 50.0 25.0 33.3 24.1 33.3 33.3 66.7 30.2

BMI, % <18.5 kg/
m2

0.0 5.6 0.0 6.7 0.0 0.0 0.0 4.3 50.0 50.0 0.0 4.8

18.5–24.9
kg/m2

18.2 27.8 30.4 46.7 50.0 0.0 33.3 30.4 0.0 0.0 0.0 28.6

25.0–29.9
kg/m2

27.3 44.4 47.8 20.0 0.0 50.0 66.7 30.4 0.0 50.0 50.0 36.2

>30 kg/
m2

54.5 22.2 21.7 26.7 50.0 50.0 0.0 34.8 50.0 0.0 50.0 30.5

Anaesthesia,
%

General 100.0 100.0 71.4 75.0 50.0 100.0 100.0 56.7 66.7 75.0 33.3 76.7

Regional
or com-
bined

0.00.0 0.0 0.0 10.717.9 25.00.0 0.050.0 0.00.0 0.00.0 13.330.0 33.30.0 0.025.0 66.70.0 11.312.0

Emergency,
%

No 92.3 95.0 78.6 80.0 100.0 75.0 66.7 76.7 100.0 75.0 100.0 83.5

Yes 7.7 5.0 21.4 20.0 0.0 25.0 33.3 23.3 0.0 25.0 0.0 16.5

Died, % No 84.6 100.0 96.4 100.0 100.0 100.0 100.0 93.3 100.0 100.0 66.7 84.6

Yes 15.4 0.0 3.6 0.0 0.0 0.0 0.0 6.7 0.0 0.0 33.3 15.4

* Others includes ophthalmology, pain clinic and internal medicine. Combined: combined regional with general anaesthesia; MAC: monitored anaesthesia care; SD: standard
deviation
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the incidence of complications between elective day
surgery and emergency surgery (p = 0.45).

The two most frequent complications, nerve and dental in-
juries, are considered in more detail in the following sec-
tions.

Nerve injuries

Nerve injuries were the second most frequent complica-
tions and were reported most frequently in the orthopaedic
department (35.3%).

Nerve injuries were mostly caused by neuraxial nerve
blocks (64.7%, 11 of 17). The most common nerve injuries
were a combined partial motor deficit (35.3%, 6 of 17), fol-
lowed by partial motor and sensory deficits (29.4%, 5 of
17). Only a minority of patients suffered from paraesthe-

Figure 2: Number of events by year n = 133. The red arrow indicates implementation of the critical incident reporting system (CIRS) at the
LUKS in 2006. The blue arrow represents arrival of a new head of the Department of Anaesthesiology in 2007.

Figure 3: Temporal trends of anaesthesia-related complications SIS <4 (red dotted line), SIS >4 (green dotted line), SIS = 9 (blue dotted line)
and tooth injuries (black dotted line) from 2003 to 2019. Number of events by year (n = 133). Each dot represents one year.
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sia (11.8%, 2 of 17); both had received a neuraxial nerve
block. One patient developed a total motor deficit after a
thoracic epidural.

Of the neuraxial nerve injuries, 41.2% (7 of 11) were due
to epidural anaesthesia and 17.4% (3 of 11) due to spinal
anaesthesia. Among the epidural anaesthetics, three were
thoracic epidurals and four lumbar epidurals. One thoracic
and one lumbar epidural anaesthetic led to permanent dam-
age due to an epidural haematoma.

In our study, femoral and interscalene nerve blocks led
to most of the peripheral nerve block injuries (25%, 4 of
6), followed by axillary and supraclavicular nerve blocks
(6.25%, 1 of 6). Most peripheral nerve injuries occurred in
the orthopaedic surgery department(83.3%, 5 of 6).

Dental injuries

Dental injuries were the most frequent complications and
occurred mostly in the general and otorhinolaryngology
departments.

In 71% (45 of 63) of events, dental damage resulted from
using a conventional laryngoscope. Airway assist tools
such as c-Mac® videolaryngoscopes were purchased first
in 2009 and device numbers increased over time, especial-
ly in 2016. In total, 14% (9 of 63) of dental injuries oc-
curred with videolaryngoscopy.

In 30% (19 of 63) a difficult airway situation led to dental
damage. During emergency intubation only upper teeth
were damaged.

In most cases dental injuries were caused by poor intuba-
tion technique (38%, 24 of 63), by using excessive force
and/or touching fragile teeth during intubation.

We found that the upper maxillary incisors "11" and "21"
(numbered according to the two-digit World Dental Feder-
ation notation system) were most prone to be injured dur-
ing intubation, with an incidence of 24% and 23%, respec-
tively. Prior to their operation, 37% (23 of 63) of patients
with dental damage had a good dental status, whereas the
dental status was impaired in 30% (19 of 63). In 17% (11
of 63), the patients suffered from periodontal disease. In
76% (48 of 63) dental status was described as strong with-
out prior dental examination. Most reported dental injuries
were avulsion (25%, 16 of 63) and enamel fracture (24%,
15 of 63).

Discussion

Main aims

In general, and in our study, severe anaesthesia-related in-
cidents and deaths have decreased over time and are rare
events [1, 11]. Permanent damage and death as an anaes-
thesia-related complication is reported in literature at less
than 1 per 100,000 anaesthetics [2, 12–15]. Minor anaes-
thesia-related incidents are much more frequent, howev-
er. The overall incidence of minor anaesthesia-related pe-
rioperative events is reported to be between 18% and 22%
[15, 16]. In our study, we had an anaesthesia-related mor-
tality rate of approximately 1.5 per 100,000, and minor
complications (SIS <4) occurred in approximately 31 per
100,000 anaesthetics.

During the study period, 399,583 anaesthetics took place
with 254 complications being reported to the department of
anaesthesiology. Because of incomplete forms or incidents
not being anaesthetic complications, 124 were excluded.
The excluded complications did not include any cases of
SIS >4. We therefore estimated the impact of reporting bias
from the excluded files to be minimal.

Of the 133 anaesthesia-related complications in our study,
47.3% were related to dental damage and 12.8% to nerve
injuries. There were five "cannot ventilate, cannot intu-
bate" situations, resulting in a relative frequency of 1.25
per 100,000 general anaesthetics. The incidence of "cannot
ventilate, cannot oxygenate" in the literature varies accord-
ing to clinical setting and study. Incidence rates of between
3 and 100 per 100,000 in trauma patients [17] or 4.5 per
100,000 general anaesthetics [18] are reported .

Of the six deaths that occurred, four were due to emer-
gency operations. This suggests that in emergency cases,
the potential risk for mistakes can be higher. Several stud-
ies showed that emergency situations are an important con-
tributory factor for mistakes [19, 20].

Although not statistically significant (p = 0.45), the major-
ity of complications occurred during elective day surgery
rather than emergency surgery because more interventions
were elective. In Denmark, Pedersen et al. studied the im-
pact of emergency surgery on anaesthesia-related compli-
cation and found that in emergency procedures complica-
tions attributed to anaesthesia were less common than in
elective surgery. Yet Pedersen et al. stated that the proba-
bility of a severe complication in an emergency procedure
was much higher than with an elective procedure [21].

At the LUKS hospital, a critical incident reporting system
(CIRS) was implemented in 2006. It was improved in 2008
with easy electronic accessibility, minimal paperwork and
regular feedback rounds, so that this reporting system has
been well established over time with increasing incident
reports. This trend is shown in figure 2 [8].

There was a change of head of department in 2007, who
encouraged the reporting of incidents or injuries in special
anaesthesia report files. Because of new standards as well
as a reorganisation of the reporting system, more incidents
were reported, as can be seen in figures 2 and 3.

Although the reported incidents increased after implemen-
tation of CIRS and the departmental changes, the number
of reported complications decreased. Most of all, SIS >4
and death did not occur after 2010. This could suggest
that, owing to new techniques and safety standards, the
probability of a severe complication or death decreased.
On the other hand, minor complications and dental damage
increased. Although other studies have shown the same de-
creasing tendency in severe anaesthesia complications, the
incidence of minor complications has not changed much
over time [15, 16]. This could suggest that new techniques
and safety standards are not enough to prevent complica-
tions, but have to be combined with improvement of edu-
cation, crew resource management training and unwaver-
ing vigilance [22].

Nerve injuries

It is generally believed that nerve injuries due to neuraxial
anaesthesia are rare. However, there is evidence in litera-
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ture that these incidents are more frequent than expected.
The incidence of complications differs widely in different
studies. The third national audit project of the Royal Col-
lege of Anaesthetists estimated the incidence of permanent
injury after central neuraxial block to be 4.2 per 100,000
pessimistically and 2.0 per 100,000 optimistically [23]. In
our study, we calculated a relative frequency for neuraxial
nerve injuries of about 3 per 100,000 anaesthetics.

Haematoma was the most common cause of neuraxial in-
juries and the majority (72%) were associated with either
intrinsic or iatrogenic coagulopathy [24]. Cheney et al. re-
ported in his closed claims report that 22% of spinal cord
injuries were due to epidural haematoma [25]. The two
cases of paraplegia in our study were both due to epidural
haematoma without iatrogenic coagulopathy.

Peripheral nerve injuries due to regional anaesthesia are
rare. In Saba et al., it is 0.3% for permanent nerve injuries
[26]. In our study we had a relative frequency for all pe-
ripheral nerve injuries of 0.002%.

Dental injuries

In our study, most anaesthesia complications were dental
damage. We calculated an approximate frequency of
0.02%. A retrospective study on dental injuries by Chris-
tensen et al. showed similar results, with an incidence of
approximately 0.02% [27]. Other studies showed a much
higher frequency of anaesthesia-related events, as in the
case-control study by Newland et al. with 0.048% [28]. In
other retrospective studies incidences ranged from 0.02%
to 0.11% [27, 29, 30] and up to 38.6% in prospective stud-
ies [31, 32]. An explanation for these large differences in
incidence in prospective studies could be that dental ex-
amination was performed before and after surgery in these
prospective studies [27].

There was a major peak of reported dental injuries in 2016
and 2017. During these two years there was a major ac-
quisition of c-Mac® videolaryngoscopes. Of the 17 report-
ed dental injuries in these two years, 10 were with con-
ventional and 7 with c-Mac® videolaryngoscopes. After
the two years of increasing dental injuries with c-Mac®
videolaryngoscopes in 2016 and 2017, numbers decreased.
This could suggest a learning curve and that initial wrong
handling can enhance the risk of dental injury. Ham et al.
identified the use of videolaryngoscopy as a statistically
significant predictor of dental injuries due to the user's
focus being more on the screen and less on the patient's
teeth [33]. Other studies showed, however, that videolaryn-
goscopy offers better visualisation of the glottis and vocal
cords and can lead to less dental damage when used by
skilled practitioners [34, 35].

In our study, teeth numbers "11" and 21" were the most at
risk for dental trauma. Other studies also showed a greater
risk for injury of upper maxillary incisors during intuba-
tion, most of all when the view of the glottis was unsatis-
factory or impossible to obtain. To improve the view, the
patients’ maxillary anterior teeth are sometimes used as a
fulcrum for the laryngoscope blade [28, 36–38]. Addition-
ally, increased force exerted during laryngoscopy is a po-
tential risk for dental trauma, as well as inadequate intuba-
tion technique [38].

Most dental injuries in our study were avulsions, followed
by enamel fractures. A previous review by Ham et al. re-
ported subluxation or loosened teeth as the most common
form of injury [33] while a study by Mourão found enamel
fracture to be the most common lesion [31].

The majority of dental damage was related to a pre-exist-
ing good (37%) and impaired dental status (30%). Dur-
ing preoperative evaluation of dental status, 76% were
recorded as strong, though there was no physical inspec-
tion of individual teeth. Most of the dental councils at the
LUKS stated postoperatively that tooth avulsion or sublux-
ation were due to periodontitis and preoperatively loosened
teeth. This can also explain why we had a large number of
cases of dental damage in supposedly good dental status in
our study, which leads to the suggestion that, if in doubt,
a physical preoperative evaluation of periodontal disease
could be sensible. According to several authors, the pre-
operative visit is important for the evaluation of dental in-
jury predictors, mainly regarding possible difficult intuba-
tion and conspicuous dental status [38, 39]. Furthermore,
there is a five-fold higher risk for dental injury with pre-ex-
isting pathology and even a twenty-fold higher risk for pa-
tients with previously reported intubation difficulties [28].

Strength and limitations

The strength of this study is that it included different types
of anaesthetic complications over 17 years and the impact
of new techniques and departmental changes on the oc-
currence of complications. An important limitation of this
study is the reporting bias. Research has shown that only
a small percentage of doctors report incidents. Possible
factors are unfamiliarity with the reporting process, and
fear of discrimination at the workplace or of legal ramifi-
cations [40–44]. Additionally, cultural factors, such as the
belief that only "bad doctors" make mistakes, as well as
a lack of understanding of how a reported incident can
improve system processes, may influence the reporting
process [43–45]. Furthermore, many medical workers do
not even consider reporting a "near miss", although these
incidents are an important source of learning and improve-
ment [44, 45].

Further limitations of this study are that it was only obser-
vational and from one single hospital unit over a period of
17 years.

However, this study gives an interesting overview of
anaesthesia-related complications and it certainly had an
impact on the day-to-day processes at the department of
anaesthesiology at the LUKS.

Conclusion

The present study supports the view that anaesthesia-re-
lated complications are rare events, occurring most often
during elective procedures. The majority of complications
were only temporary. The mortality rate, and the incidence
of dental and nerve injuries reported in this study were
comparable to international studies. During the study peri-
od, the temporal trend of complications showed a clear de-
cline in severe incidents and deaths, whereas minor com-
plications and dental injuries predominated after 2010.
This trend is also represented in international studies. Al-
though complications at the LUKS decreased with imple-
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mentation of new techniques, safety standards and report-
ing systems, the occurrence of minor complications could
not be reduced. It suggests this does not depend solely on
structural and safety changes, but rather that more effort
needs to be put into education, crew resource management
and vigilance. It is therefore necessary to evaluate further
strategies and assess possible risk factors to decrease the
risk of complications.
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