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Morbidity in anaesthesia in 2009: still need for improvement
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Anaesthesia is frequently identified as an example for its achievements in the field of safety. This statement relies on the results of
recent surveys that demonstrated a 10-fold decrease in anaesthesia mortality within the last few decades. This finding was confirmed
by the evolution of insurance premiums for anaesthetists that remained stable or decreased in European or North American countries
[1]. Anaesthesia can be proud of this achievement. However, anaesthesia mortality does not equal anaesthesia safety, which is to
‘ensure that no patient should be harmed by anaesthesia’, as established by the Anesthesia Patient Safety Foundation. This goal has
not yet been achieved since accidents still occur that could be prevented.

Anaesthesia mortality

During the last ten years, anaesthesia mortality has been measured in the Netherlands, France and Australia in three surveys,
which found comparable results. Arbous et al showed that in 1995-6 the death rates within 24 h of anaesthesia were 0.8 per 100,000
for anaesthesia-related deaths, and 13.7 per 100,000 for partially anaesthesia-related deaths [2]. Lienhart et al found that in-hospital
mortality rates in 1999 were 0.7 per 100,000 for anaesthesia-related deaths and 4.7 per 100,000 for partially anaesthesia-related
deaths, 42% of deaths occurring within 24 h of the procedure [3]. In ASA | patients, solely or partially-related mortality rate was 0.4 per
100,000 procedures. When compared with a previous survey performed in 1978-1982 these results demonstrate a 10-fold decrease
in the anaesthesia mortality rate. Gibbs et al showed that in the triennium 2000-2002, the death rate within 24 h of anaesthesia was
0.55 per 100,000 for anaesthesia-related deaths, and 1.8 per 100,000 for partially anaesthesia-related deaths [4].

Anaesthesia mortality is difficult to measure because of the loose definition of what is solely or partially attributable to anaesthesia
and because of the difficulty in counting during the same period of time both the total number of deaths and the total number of anaes-
thetics. Nevertheless, most surveys performed in the 1980’s reported solely anaesthesia-related mortality rates around one death for
10,000 procedures, while at the end of the 1990’s these rates decreased, as described, to 0.6 - 0.8 deaths per 100,000 procedures.
Similar results were reported by large institutions, which also found anaesthesia mortality rates of 1 per 100,000 procedures [5]. This
result was confirmed in obstetric surveys, which showed that anaesthesia deaths during Caesarean sections had declined from 36
deaths per 100,000 in 1964-6 to 6 deaths per 100,000 in 1982-4, and to 1 death per 100,000 in 2000-2 [6]. In addition to these im-
provements anaesthesia and surgery have been extended to older and sicker patients during the same period of time [7].

Anaesthesia morbidity

Anaesthesia safety cannot be assessed solely by measurement of mortality. It is important to examine anaesthesia morbidity
separately in order to determine the rate of anaesthesia complications and their nature, which may be different from those leading to
patient death. In addition, most anaesthesia mortality surveys have restricted their analysis to the first 24h following anaesthesia and
surgery, ignoring later complications.

Studies of anaesthesia morbidity show that non-fatal anaesthesia-related complications remain frequent. Bothner et al, as well as
Fasting and Gisvold, found an overall incidence of minor anaesthesia-related peri-operative incidents of 18%-22% [8, 9]. More seri-
ous peri-operative events, such as those requiring an unplanned transfer to ICU or intermediate care units, were reported at a rate of
0.45%-1.4% [8, 10]. Severe anaesthesia-related complications with permanent damage occur at a rate 0.2 to 0.6% [8, 9]. This rate of
anaesthesia complications clearly contrasts with the low rates of anaesthesia mortality. This data suggests that severe peri-operative
complications with permanent damage occur in one per 170-500 patients and an unplanned post-anaesthesia transfer to the ICU in
one per 70-250 patients, while anaesthesia-related death occurs in less than one per 100,000 patients.
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The second point raised by the analysis of anaesthesia morbidity is that it contains specific information on unsafe care, which is
not identified in mortality surveys and which may require specific corrective actions. For example, tracheal intubation during general
anaesthesia can be associated with very frequent and minor events such as hoarseness, present 24h postoperatively in 14-50% of
patients. But it may also be responsible for a traumatic lesion of the larynx or hypopharynx in 6.3% of patients [11], for dental injury
requiring further dental interventions in 1 patient per 1,450 [12], or for one death in every 176,000 patients [3]. Drug administration
errors during anaesthesia were shown to occur in 1 per 130 anaesthetics, but serious complications after such errors are only ob-
served in 5 in every 100,000 patients [13]. Anaesthetic equipment problems were shown to occur in 0.23% of patients during general
anaesthesia and in 0.05% during regional anaesthesia; one-third of these problems were related to the anaesthetic machine, and a
quarterto human error [14].

Peripheral postoperative neurological complications were not identified in mortality surveys. If severe and persisting anaesthesia-
related complications are extremely rare, moderately-severe complications are relatively frequent. Paraplegia after spinal or epidural
anaesthesia occurs at a rate of 0.6-0.9 per 100,000 patients, but neuropathy after peripheral nerve blockade is present in around 3%
of patients, most of these recovering after some weeks or months [15]. Ulnar neuropathy after anaesthesia and surgery, consisting
mostly of unilateral paresthesias of the ring and little finger, can be present in 0.5% of patients, with residual symptoms persisting 2
years later in 0.2% of patients [16]. After anaesthesia and surgery in the lithotomy positions, lower extremity neuropathies are present
in 1.5% of patients, although symptoms resolve in most patients within 6 months [17].

It is essential to collect morbidity data in order to have a better understanding of the situations in which anaesthesia care remains
sub-optimal. However, it is difficult to get a clear overview of the incidence of all anaesthesia complications, a necessary step before
defining priorities for corrective actions. This is because anaesthesia complications include a broad range of very disparate adverse
events, each of them having a different level of severity and frequency, and their occurrence is influenced by the type of anaesthesia,
the type of surgery and the patient’s co-morbidities.

Lessons for further improvements in anaesthesia safety

If improvements in anaesthesia safety have resulted in a reduction in major complications to very low rates, the same progress has
not yet been obtained for moderate or mild complications. Different lessons can be drawn from the analysis of all the epidemiologic
data on anaesthesia accidents, which should guide further progress in safety.

The first lesson is that some anaesthesia procedures remain high risk. During the intra-operative period, three procedures have
been shown to represent 49% of all anaesthesia-related deaths: control of the airway during general anaesthesia, the intra- and
postoperative management of haemorrhage, and the circulatory disturbances associated with regional anaesthesia [3]. In addition
to these other activities were identified to be high risk: central venous catheter (CVC) placement, the use of infusion pumps, and the
administration of medications [18]. In morbidity studies, five situations were associated with severe complications: intubation, emer-
gence from anaesthesia, arrhythmias, hypotension and anaphylaxis [9].

These studies also demonstrated that the intra-operative period is not the only time of risk since a large number of anaesthesia
accidents result from activities performed by anaesthetists during the pre- and postoperative periods. Pre-operatively, sub-optimal
care related to inadequate patient evaluation or incorrect pre-operative management, was found to be a major contributing factor in
38-42% of deaths [3, 4]. While respiratory depression has become extremely rare during the postoperative period with the develop-
ment of PACUs, inadequate postoperative care still contributes to 42-43% of anaesthesia-related deaths. They include sub-optimal
management of postoperative blood loss, failure of supervision of care team members or inadequate resuscitation procedures [3, 4].
Therefore, future efforts to improve anaesthesia safety should not only be directed to improving specific intra-operative procedures,
but should also address pre- and postoperative care, such as pre-operative patient evaluation and postoperative follow-up.

The second lesson of this analysis is related to the source of the failures within the different layers of the system delivering care:
the individuals, team and organisation. Human failures were identified in 51-77% of anaesthesia-related deaths [3]. They mostly
consist of lack of experience or competence, observed in 89% of human failures related deaths, and, less frequently, errors of judg-
ment or analysis, detected in 11% of deaths [3]. In addition, the analysis of these accidents pointed out that in 98% of anaesthesia-
related deaths there was at least one deviation from recommended practice in patient care, while in 56% more than four deviations
from standard practice were observed. Such studies do not establish that the failure to comply with recommended practice was the
explanation for the accidents.
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However, the low compliance is disturbing, even if this is not specific for anaesthesia, and raises the question of the utility and impor-
tance of guidelines within anaesthesia practice.

Teamwork was identified as inadequate in 62% of deaths, consisting of communication breakdown (oral communication in 36%
and written communication in 20%), or poor supervision and absence of help when needed (in 44% of failures) [3]. These difficulties
in communication were confirmed by Arbous et al, who demonstrated that the risk of anaesthesia mortality was reduced when a senior
anaesthetist was available and could be reached (odds ratio (OR) 0.45), when there was no intra-operative change of anaesthetist,
reducing the need for transfer of information (OR 0.44), and when two persons were present during the emergence and termination of
anaesthesia (OR 0.69). These findings confirm other reports that identified the importance of operating room teamwork, which should
not be seen as restricted to the anaesthesia caregivers, but must also include the surgical and operating room nursing personnel. In
a large survey, Davenport and colleagues found that the better the communication and collaboration of the operating room care team
with the surgeon, the lower the incidence of postoperative complications [19].

Organisational and management factors were identified as having contributed to 26% of deaths. They consisted of inadequate
matching between the required resources and the patient’s condition seen in 38% of deaths, inadequate surgical scheduling in 31%,
production pressure in 20% and inappropriate night call organisation in 11% [3, 4]. This suggests that our efforts to improve anaesthe-
sia safety should not be exclusively directed to improving individual competence but should also address the optimisation of teamwork
and of the organisation of care [10].

The third point comes from morbidity data. The high rate of anaesthesia complications addresses the problem of the monitoring of
anaesthesia safety. Severe accidents are easy to count but are so rare that at an institutional level they cannot be used as a marker
of anaesthesia safety. In contrast, less severe complications are more frequent and could be monitored at an institutional or regional
level. However, as described earlier, their extreme variety and the absence of an established taxonomy make such monitoring difficult.
Monitoring of anaesthesia complications is probably one of the next steps that should be encouraged to improve anaesthesia safety
focusing on specific complications that could be identified, monitored and treated with specific corrective actions.

Conclusion

Previous improvements in anaesthesia mortality have essentially been obtained by the implementation of minimal standards for prac-
tice guidelines, by making sure that patients are constantly monitored by qualified anaesthesia personnel and by automated monitor-
ing in operating rooms as well as in PACUs. Curent data suggest that the next improvements in anaesthesia safety should consider
the following interventions:

» Reduce complications of procedures that remain high risk, such as airway control, intra- and postoperative management
of haemorrhage, circulatory consequences of regional anaesthesia, pre-operative evaluation, and CVP placement.

» Improve communication and teamwork among the different caregivers within the anaesthesia team and between
anaesthetists, surgeons and operating room nurses.

» Monitor complications, as an initial step in the implementation of a risk management process [20].

Key Learning Points

» Minimal standards of practice have permitted a reduction in anaesthesia-mortality rates to around 1 death
per 150, 000 procedures.
» Serious peri-operative events, such as unplanned admission to ICU, remain around 1 %.
» Reduction of anaesthesia complications can be obtained by:
- standardisation of procedures that remain high risk
- improving pre-operative patient evaluation and postoperative follow-up
- improving communication and teamwork among caregivers



European
Society of
Anaesthesiology

References

1.
12.

14.
15.

16.
17.

20.

Domino KB. Trends in anesthesia litigation in the 1990s: monitored anesthesia care claims. ASA Newsletter 1997; 61: 15-7.
Arbous MS, Grobbee DE, Van Kleef JW, et al. Mortality associated with anaesthesia: a qualitative analysis to identify risk fac-
tors. Anaesthesia 2001; 56: 1141-53.

Lienhart A, Auroy Y, Pequignot D, et al. Survey of anesthesia-related mortality in France. Anesthesiology 2006; 105: 1087-97.
Gibbs N, Borton C. Safety of anaesthesia in Australia. A review of anaesthesia related mortality 2000-2002. Australian and
New Zealand College of Anaesthetists, 2006.

Sprung J, Warner ME, Conreras MG, et al. Predictors of survival following cardiac arrest in patients undergoing noncardiac
surgery. a study of 518,294 patients at a tertiary referral center. Anesthesiology 2003; 99: 259-69.

Cooper GM, McClure JH. Maternal deaths from anaesthesia. An extract from Why Mothers Die 2000-2002, The Confidential
Enquiries into Maternal Deaths in the United Kingdom. Chapter 9: Anaesthesia. Br J Anaesth 2005; 94: 417-23.

Clergue F, Auroy Y, Pequignot F, et al. French survey of anesthesia in 1996. Anesthesiology 1999; 91: 1509-20.

Bothner U, Georggieff M, Schwilk B. Building a large-scale perioperative anaesthesia outcome-tracking database: methodol-
ogy, implementation, and experiences from one provider within the German quality project. Br J Anaesth 2000; 85: 271-80.
Fastings S, Gisvold SE. Statistical process control methods allow the analysis and improvement of anesthesia care. Can J
Anaesth 2003; 50: 767-74.

. Haller G, Garnerin P, Morales MA, et al. Effect of crew resource management training in a multidisciplinary obstetrical setting.

Int J Qual Health Care 2008; 20: 254-63.

McHardy FE, Chung F. Postoperative sore throat: cause, prevention and treatment. Anaesthesia 1999; 54: 444-53.

Warner ME, Benefeld SM, Warner MA, et al. Perianesthetic dental injuries. Frequency, outcomes, and risk factors. Anesthesi-
ology 1999; 90: 1302-5.

. Fastings S, Gisvold SE. Adverse drug errors in anesthesia, and the impact of coloured syringe labels. Can J Anaesth 2000;

47:1060-7.

Fastings S, Gisvold SE. Equipment problems during anaesthesia-are they a quality problem? Br J Anaesth 2002; 89: 825-31.
Brull R, McCartney CJ, Chan VW, El-Beheiry H. Neurological complications after regional anesthesia: contemporary estimates
of risk. Anesth Analg 2007; 104: 965-74.

Warner MA, Warner DO, Matsumoto JY, et al. Ulnar neuropathy in surgical patients. Anesthesiology 1999; 90: 54-9.

1Warner MA, Warner D, Harper CM, et al. Lower extremity neuropathies associated with lithotomy positions. Anesthesiology
2000; 93: 938-42.

. Hove LD, Steinmetz J, Christoffersen JK, et al. Analysis of deaths related to anesthesia in the period 1996-2004 from closed

claims registered by the Danish Patient Insurance Association. Anesthesiology 2007; 106: 675-80.

. Davenport DL, Henderson WG, Mosca CL, et al. Risk-adjusted morbidity in teaching hospitals correlates with reported levels

of communication and collaboration on surgical teams but not with scale measures of teamwork climate, safety climate, or
working conditions. J Am Coll Surg 2007; 205: 778-84.

Standards Australia International and Standards New Zealand. Guidelines for managing risk in healthcare. HB 228:2001.
Australian/New Zealand Handbook. Sydney: Standards Australia International, 2001.

-4



