
width of each bar representing the relative importance
of the mechanism. Overall, three main situations were
identified: coronary artery disease and perioperative
ischemia often triggered by anemia, true hypovolemia
(associated with hemorrhage), or relative hypovolemia
and aspiration of gastric contents.

Types of deviations from standard practice are pre-
sented in table 3. In 2% of cases partially or totally related
to anesthesia, no deviation was found, whereas for all
other patients, at least one cause of substandard practice
was identified. In 56% of cases, more than four devia-
tions were recorded. For deviations occurring during

induction of anesthesia, the use of a too-large dose was
found by experts in 38% of cases. In nearly 60% of urgent
abdominal surgery procedures, a rapid sequence induc-
tion technique was not correctly performed. Inadequate
management of hypotension was identified in 39% of
substandard intraoperative care.

One or several root causes grouped in seven arbitrarily
defined fields (institutional context, organizational and
management, work environment, team, staff, tasks, and
patient factors) were identified in 91% of cases (table 4).
Deficiencies in teamwork that could have promoted the
occurrence of the event leading to death or could have
played an aggravating role (and might have led to death)
were found by experts in more than half of the cases.
Overall, the most frequently encountered root causes
were related to scheduling of surgical activity, deficien-
cies in communication between caregivers, and inade-
quate matching between necessary resources (human,
technical, or logistic).

Discussion

In the current survey, an anesthesia-related mortality
rate (totally or mainly related) of 5.4 in 100,000 anes-
thetic procedures (95% confidence interval, 3.7–7.1 in
100,000) was observed. The mortality rate increased
with advancing age and with more impaired ASA physi-
cal status. Although airway management and postopera-

Table 2. Rates of Deaths Totally or Partially Related to
Anesthesia According to Age and ASA Physical Status

Mortality Rate
per 100,000

Anesthetic Procedures
95%

Confidence Interval

Age
0–7 yr 0.60 0.12–3.2
8–15 yr 1.20 0.30–3.2
16–39 yr 0.52 0.24–0.93
40–74 yr 5.20 2.7–8.1
� 75 yr 21.00 8.3–34.0

ASA physical status
I 0.40 0.12–0.81
II 5.0 1.6–9.1
III 27.0 12.0–44.0
IV 55.0 1.1–130.0

ASA � American Society of Anesthesiologists.

Fig. 4. Pathophysiologic description (“tree”) of main events leading to deaths totally and partially related to anesthesia. The width
of each line indicates the relative contribution of a given mechanism (number of cases totally related/partially related to anesthesia).
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