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Abstract
Objective: To analyze the characteristics of anesthesia adverse events in our department and propose
measures for anesthesia safety management, to achieve better improvement of medical quality and
promote medical safety.

Methods: A total of 589 cases of anesthesia adverse events were collated and analyzed, including the
time period of anesthesia adverse events and ASA (American Society of Aneshesiologists) classi�cation
of anesthesia adverse events.

Results: The anesthesia induction and awakening periods were the main time periods for the occurrence
of anesthesia adverse events, other human factors were the main reasons for the occurrence of
anesthesia adverse events, and ASA grading II and III surgical patients accounted for the main proportion
(mainly because of the heavy proportion of II and III surgical patients).

Conclusion: Understanding the causes of adverse anesthesia events and implementing strict anesthesia
safety management measures are conducive to reducing the occurrence of adverse anesthesia events
and improving the safety of anesthesia.

Introduction
Medical safety adverse events are any factors and events in clinical treatment activities and hospital
operation that may affect the patient's treatment results, increase the patient's pain and burden and may
cause medical disputes or medical accidents, as well as affect the normal operation of medical work and
staff personal safety[1]. In China, increasing practice has proven that medical error and adverse event
reporting can promote medical quality and medical care overall. As one of the patient safety goals,
adverse medical event reporting is both an important way for hospitals to manage quality and effectively
prevent medical risks, as well as a key element of accreditation and evaluation conducted by health
administrative agencies. To deal with medical errors promptly and appropriately and to reduce the
possibility of medical malpractice lawsuits, most hospitals in China have developed medical safety
adverse event reporting systems.

In clinical practice, many surgical departments and pain management rooms apply anesthetic drugs and
perform anesthetic operations. Despite the fact that anesthesiology has developed for more than a
century and has made great progress in terms of equipment, technology, theory, drugs, and personnel
training, it is still impossible to avoid the occurrence of various anesthetic adverse events. This is mainly
due to the complexity of anesthesia drugs in the use as well as in the operation process, and the
existence of some risk factors for some anesthesia drugs themselves, which determines that it is a high-
risk medical activity and cannot avoid the occurrence of adverse events. The slightest carelessness in
clinical application may lead to anesthesia-related adverse events such as functional impairment,
multiorgan damage, coma, or even death. It can be said that anesthesiology is a high-risk discipline, and
ensuring the safety of anesthesia is the eternal theme of anesthesia[2].
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As one of the sentinel monitoring departments, the Department of Anesthesiology plays a pivotal role in
the management of perioperative patient safety, and should not only assume the important task of
helping surgery "�ll in the gaps", but also take the initiative to report anesthesia-related adverse events in
a timely manner. As the sentinel department for adverse event reporting, the Department of
Anesthesiology has a better culture of reporting adverse events than other departments, with a relatively
low rate of underreporting and underreporting. The indicators of adverse event reporting in the
Department of Anesthesiology cover �ve process quality control indicators: unplanned transfer to ICU,
cancellation of surgery after the start of anesthesia, delayed transfer out of PACU, hypothermia in PACU,
unplanned secondary tracheal intubation, and death within 24 h after the start of anesthesia, cardiac
arrest within 24 h after the start of anesthesia, occurrence of severe allergic reaction during anesthesia,
severe neurological complications after endotracheal anesthesia, severe central venipuncture These
twelve anesthesia quality control indicators constitute the indicators for reporting adverse events. The
�ve process indicators can help us to see those adverse events that did not cause serious consequences,
and the seven outcome indicators can help us to trace the causes of adverse events in a more scienti�c
and rigorous manner, which have important analytical the seven outcome indicators are of great value[3,

4].

In this paper, we retrospectively analyze the reported data of adverse events in the Department of
Anesthesiology of a tertiary A hospital from January 2019 to December 2020, and propose corresponding
interventions and improvement strategies for the existing problems, aiming to avoid the occurrence of
medical errors while continuously improving the quality of anesthesia, ensuring the safety of anesthesia,
and further improving the business quality and technical level of anesthesiologists.

Materials And Methods

General Information
This study was conducted after approval by the Ethics Committee of West China Hospital, Sichuan
University (Grant No.2020(186)).

This study was a retrospective study. West China Hospital of Sichuan University is the hospital to carry
out this study. The hospital is a research-oriented hospital in the western region of China.

We reviewed 610 cases of adverse events reported by the Department of Anesthesiology in our hospital
from January 2019 to December 2020, excluding 21 cases of adverse events that did not meet the
reporting requirements and 589 cases of eligible adverse events.

Method
Statistical analysis was performed by combining the patient's gender, department, anesthesia
classi�cation, type of surgery(elective/limited/emergency), time of adverse event reporting, main type of
event, cause, impact on the patient, and the title of the person reporting the event.
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Statistical methods
All data were statistically analyzed using SPSS 13. 0 software, and the count data were expressed as (%)
and compared using the x2 test, with P<0.05 being a statistically signi�cant difference.

Results
1 In 2019, 243 adverse events were reported, and the top 5 reporting months were October (31 cases, 12.
76%); December (27 cases, 11. 11%); September and November (25 cases, 10. 29%); and March (23
cases, 9. 47%). A total of 346 adverse events were reported in 2020, and the top 5 reporting months were
December (41 cases, accounting for 11. 85%); September (39 cases, accounting for 11. 27%); April (38
cases, accounting for 10.98%); July and August (34 cases, accounting for 9. 83%) (see Figure 1 for
details). Comparing the same period, the number of reported adverse events in 2020 increased by 103
cases and 42. 39% compared to 2019. The top 3 months with the highest increase in the number of
reported cases were April (21 cases, 123. 53% growth rate); July and August (20 cases,142.86% growth
rate) (see Figure 2 for details).

2 Major types and causes of adverse anesthetic events in patients of different ages

Among the reported data, 246 cases (42. 05%) were female patients and 339 cases (57. 95%) were male
patients. According to age groups, among the adverse events in anesthesia, 99 cases (16.92%) were
children, mostly respiratory depression; 305 cases (52.14%) were young and middle-aged, mostly
anesthesia or surgical operations; 181 cases (30.94%) were elderly, mostly circulatory �uctuations and
delayed awakening period.

3 Adverse events and possible causes for each time period

In the reported data, in terms of duration of surgery, 194 cases (41.36%) were operated on less than 3
hours, 218 cases (46. 48%) were operated on between 3 and 6 hours, 41 cases (8. 74%) were operated on
between 6 and 10 hours, and 16 cases (3. 41%) were operated more than 10 hours. There was no
statistically signi�cant difference in the comparison of the time periods(P> 0. 05).

4 In the reported data, the top 5 in terms of departmental distribution were Orthopedics (82 cases,
14.70%); Cardiac surgery (60 cases,10.75%); Hepatobiliary surgery (50 cases, 8.96%); Pediatric surgery
(47 cases,8.42%); and Gastrointestinal surgery (46 cases, 8.24%). It can be seen that Orthopedics has a
higher probability of adverse events or patient safety hazards in the perioperative period, which may be
related to the fact that orthopedic patients are mostly elderly and senior patients.

5 In terms of the time of adverse events, 207 cases(48.59%)occurred during the. induction of anesthesia,
37 cases (8.69%) occurred during surgery, 156 cases (36.62%) occurred during the awakening period, and
26 cases(6.10%) occurred after returning to the ward. The incidence of adverse events during the
induction of anesthesia and awakening period was signi�cantly higher than that during surgery and after



Page 5/17

returning to the ward (x2=5. 3775, P<0. 05), and the difference between the incidence during the induction
of anesthesia and the awakening period was not statistically signi�cant (P> 0. 05), which was related to
inadequate preparation for anesthesia, unskilled technique and improper anesthesia management.

6 According to ASA grading criteria, there were 3 cases of grade I, accounting for 0. 52%; 326 cases of
grade II, accounting for 56. 60%; 209 cases of grade III, accounting for 36. 28%; 32 cases of grade IV,
accounting for 5. 56%;and 6 cases of grade V, accounting for 1. 04%. The differences were statistically
signi�cant (P<0.01) when comparing all grades. Patients in grades IV and V were in critical condition
preoperatively and died from multiorgan failure postoperatively, and death from adverse anesthetic
events could be excluded.

7 Among the reported data, 468 cases (95.51%) were under general anesthesia, 5 cases (1. 02%) were
under intralesional anesthesia, 2 cases(0. 41%) were under compound anesthesia, and 15 cases
(3.06%)were under other anesthesia (nerve block, etc.). There was no statistical signi�cance among the
anesthesia modalities (P> 0. 05).

8 Among the reported staff titles, 392 cases (67.94%) were attending physicians, 80. cases (13. 86%)
were associate chief physicians, and 105 cases(18. 20%) were chief physicians. There was statistical
signi�cance among the anesthesiologists' titles (P<0. 01).

9 Among the reported adverse events regarding "reasons for cancellation of surgery after the start of
anesthesia", 12 cases (9.84%) were surgical factors, 89 cases (72. 95%) were patient factors, and 21
cases (17.21%) were other human factors; no surgery was cancelled due to anesthesia factors. The
difference between the factors was not statistically signi�cant (P>0.05).

10 Among the reported adverse events regarding "severe allergic reactions during. anesthesia", 32 cases
of circulatory collapse, 16 cases of severe airway reactions, 24 cases of signi�cant rash, and 30 cases
requiring epinephrine treatment were reported. Only 4 of these patients had rash alone, while the rest had
2-3 symptoms at the same time and even required epinephrine treatment. The main cause of occurrence
was due to patients' allergy to anesthetics, antibiotics, blood products, etc. and even anaphylaxis.

11 Among the reported adverse events of "cardiac arrest and death within 24 hours after the start of
anesthesia", there were 44 cases of cardiac arrest and 24 cases of death. Among the resuscitated
patients with cardiac arrest, death accounted for 54.55% of the patients.

12 A total of 39 adverse events were reported for "unplanned secondary endotracheal intubation",
including 1 case due to anesthesia, 7 cases due to surgical factors, 11 cases due to patient reasons, and
20 cases due to other human factors. There was no statistically signi�cant difference in the comparison
of the factors (P>0.05). The main cause of their occurrence was perioperative accidental decannulation.

Discussion
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Anesthesia is a prerequisite for the smooth operation of patients and is a high-risk department, which has
been de�ned by the WHO as "the second global safety challenge."[5] With the rapid development of
medicine, anesthesiology has also made great progress, and the scope of anesthesiology practice has
also expanded rapidly. Although anesthesia technology has shown great progress with the development
of medical technology, the increased di�culty of surgery and the increase in the age of patients
undergoing surgery as well as the increase in the number of critically ill patients have placed higher
demands on the safety of anesthesia[6, 7]. Although adverse anesthetic events are unavoidable when
performing anesthetic operations or using anesthetic drugs, Arbous et al[8]. concluded that strengthening
the routine management of anesthesia can reduce anesthetic risks.

Adverse anesthesia events are a collective term for anesthesia accidents, anesthesia errors, anesthesia
accidents and anesthesia complications. Among them, anesthesia accident is a human error, such as
technical fault, paralysis and laxity, which occurs when an anesthesiologist performs operation or
management, and the patient suffers from disability, dysfunction and organ tissue damage, while
anesthesia error is a situation in which the patient's pain is increased or the treatment time is prolonged
due to the skill or negligence of the anesthesiologist, but no serious adverse consequences occur.
Compared with anesthesia accidents, the results caused by both are different. Anesthesia errors can also
be divided into two categories: general errors and serious errors, in which general errors refer to
anesthesiologists who cause certain pain to patients due to technical negligence or negligent behavior.
Serious errors, on the other hand, refer to the negligent behavior or technical fault of the anesthesiologist,
which causes pain to the patient and prolongs the hospitalization period and treatment time of the
patient[9]. Anesthesia accidents are unexpected and dangerous situations caused by the special effects
of drugs, intraoperative stimulation and individual differences of patients, which may cause serious
consequences such as death; anesthesia complications are adverse symptoms that occur in patients due
to anesthetic drugs or operation methods. How to avoid and reduce the occurrence of adverse events and
"effective and safe" anesthesia is the eternal theme of anesthesia work[10]. From the actual work, we
seriously summarize the mistakes and shortcomings in anesthesia work, implement the system of
reporting anesthesia adverse events without responsibility, take this as an opportunity to strengthen the
routine management and safety quality control of anesthesia, and promote the continuous improvement
of anesthesia quality. The whole department will take the initiative to report the adverse events or safety
hazards encountered in their work and rectify them in the form of PDCA. Adverse events that occur or are
discovered by one person will enable the whole department to learn to avoid them and take them as a
warning so that they will not repeat the mistakes.

In this article, we analyzed 589 patients with adverse anesthesia events and found that the occurrence of
adverse anesthesia events was related to the patient's age, anesthesia ASA classi�cation, time, and
anesthesiologist's seniority, but not to the patient's gender, duration of surgery, or anesthesia method.
Inadequate anesthesia preparation, unskilled anesthesia and improper anesthesia management were the
main reasons for the occurrence of adverse anesthesia events in patients. In terms of age of occurrence,
the proportion of elderly patients was higher, which may be related to the older the patient, the longer the
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duration of the disease, and the poorer the body tolerance; while the proportion of anesthesia grade II and
III was signi�cantly higher than that of grade I, IV, and V, which may be related to the proportion of
surgical patients of grade II and III in the hospital; the proportion of induction period and awakening
period was higher, which may be related to the type of surgery, preoperative preparation, and the
difference in the physical condition of patients. This may be related to the type of surgery, the adequacy
of preoperative preparation and the difference in the physical condition of patients.

The main reasons for the occurrence of adverse anesthetic events include the following:  Patient factors.
With the continuous advancement of anesthesia and surgical techniques, the age range of recipients has
been relaxed and the number of critically or acutely ill patients has increased. And these patients often
have more concurrent diseases, which to a certain extent increases the riskiness of anesthesia and the
probability of adverse anesthetic events[9].  Surgical factors. The increase in the number of complex
surgeries and the expansion of the scope of surgery have led to long operating times, trauma, and
bleeding, which have increased the di�culty of maintaining the stability of the intraoperative internal
environment.  Anesthesia factors. Anesthetic drugs are characterized by di�cult dose control, rapid
onset of action, and high toxicity, which is one of the causes of adverse events in anesthesia[11]. In
addition, there are more traumatic operations, such as arterial static puncture, block anesthesia,
tracheobronchial intubation, etc., which may cause the occurrence of adverse anesthesia events. 
Human factors. Reason pointed out that human error includes two basic elements: manifest and
potential factors[12]. Among them, explicit factors refer to factors that directly lead to the occurrence of
errors, such as failure to use the checklist before anesthesia, errors or omissions in safety check steps,
incorrect judgment of the patient's lesion that leads to incorrect treatment, failure to wash hands before
operation, and violation of medical operation routines. Potential factors, on the other hand, are somewhat
hidden, mostly within personnel or institutions, and are generally more di�cult to identify, but can be
re�ected by a lack of multiple aspects, such as excessive workload, poor management skills, and
inadequate staff communication. Potential factors generally need to be discovered through in-depth
exploration, and should be given su�cient attention.

In order to reduce the incidence of adverse events in anesthesia and improve the safety of anesthesia, our
department has developed corresponding safety management measures, including:  The establishment
of an emergency expert group in the Department of Anesthesia. Many of the consequences of adverse
events in anesthesia are relatively serious, and once they occur, if they are not handled properly or
misjudged they may delay resuscitation and cause great harm to the patient, or even death. Therefore,
risk anticipatory thinking should be established to minimize the risk of anesthesia. To this end, an
anesthesiology emergency expert group can be established to be speci�cally responsible for the
prevention and treatment of adverse events in anesthesia. The head of the expert group can be the head
of the department, and its members include physicians above the attending level in the department of
otorhinolaryngology and emergency medicine, experienced nursing, and physicians not involved in this
department, with 5 to 15 members, whose duties include assessing the degree of cerebral hypoxia in
patients, arranging for resuscitation personnel to perform relevant resuscitation work, giving disposal
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advice, implementing subhypothermia therapy, correcting acid-base, checking blood gases, and other
speci�c tasks[13]. At the same time, a workbook is developed and emergency plans are formulated in
advance according to daily work, etc.  Good documentation of the anesthesia process. A complete and
true record of surgery and anesthesia is an important condition to ensure the safe management of
anesthesia, so "always record" should be done in the process of anesthesia implementation, including
preoperative induction, tracheal intubation, intraoperative medication, patient vital signs, etc. If adverse
events occur, regardless of whether the patient causes serious harm to the patient, they should be strictly
recorded. However, attention should be given to ensure the objectivity of the record, and try to avoid
modi�cation, and if it must be modi�ed, the modi�cation time should be indicated.  Strengthen the
preoperative and postoperative follow-up. Preoperative visits were strictly performed to understand the
patient's surgical condition and plan from the physician in charge, and patients with contraindications
were excluded. At the end of surgery, patients may still have complications or other anesthesia-related
adverse conditions after anesthesia wakefulness, so postoperative visits should be strengthened to
closely understand the changes in patients' signs and symptoms, so that early detection of abnormalities
can be handled in a timely manner.  Regular anesthesia emergency training. Each type of adverse
anesthesia events lead to different consequences; if not handled properly, inaccurate judgment may lead
to the occurrence of delayed resuscitation, resulting in aggravation of the patient's injury. Thus, the risk
awareness of anesthesia staff should be established to strengthen the prevention of adverse anesthesia
events.  Establish a long-term mechanism for anesthesiologists. Anesthesiologists should be selected to
participate in advanced studies in hospitals at home and abroad to better introduce new ideas and
techniques and improve the comprehensive strength of anesthesiologists. At the same time, the access
system is strictly implemented to screen out anesthesiologists who are skilled in all operational skills and
have strong emergency response capabilities. It is also very important for anesthesiologists to cultivate
medical ethics and medical styles. Therefore, while learning new knowledge and techniques,
anesthesiologists should strengthen their own moral cultivation to form good medical ethics.
Anesthesiologists are required to strictly ful�ll the preoperative visit assessment system, to understand
the patient's condition and surgical plan from the supervising physician, to exclude patients with
contraindications to anesthesia, and to perform ASA grading. In addition, the possible risks in anesthesia
can be introduced to the patient before surgery, countermeasures to deal with them can be informed to
gain the patient's cooperation or win the patient's understanding and support, and the anesthesia
informed consent form can be strictly signed. The anesthesia drugs, anesthesia tools, monitoring
equipment and instruments were carefully checked before surgery to ensure that they were in normal
condition.  Strengthen the management of high-risk periods. In our department, the attending
anesthesiologist is in charge of the system, so the attending anesthesiologist is required to be on site to
observe and guide during the high-risk periods such as induction and awakening of anesthesia, and the
rules of anesthesia management are also entrusted to the attending physician or above for
implementation.

All adverse events involve more or less anesthesia management factors, such as individualization of
anesthetic dose, pro�ciency of anesthesia operation, and regulation of vital signs during anesthesia. In
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addition, the nature and severity of the patient's disease, the patient's age, physical condition, and
individual differences are also important factors that affect anesthesia safety[14]. Therefore, we should
pay more attention to pediatric, elderly and critically ill patients in anesthesia management, and select
physicians with higher seniority to perform anesthesia in personnel arrangements. Anesthesia
department personnel management should strengthen the basic theory, basic operation and basic skills
training, and be strictly required, strictly managed and strictly organized. Therefore, the anesthesia
adverse event reporting system provides an evidence-based basis for anesthesia safety management and
is conducive to continuous improvement of anesthesia quality. In addition, we should also pay attention
to humanistic care, avoid using endotracheal stimulation and wake-up drugs to forcefully wake up
patients, and can make them wake up naturally by improving their general condition. We should also give
patients the necessary comfort to improve their physiological and psychological reactions during
recovery from anesthesia. Only by taking effective anesthesia safety management measures can we
reduce the occurrence of adverse events and improve the safety of anesthesia[15].

There is no uniform voluntary reporting system for adverse events abroad. Some believe that a voluntary
reporting system that reports all medical errors and adverse events would greatly contribute to medical
safety. There are several advantages to a uniform voluntary reporting system:  The large number of
reports would help prioritize injuries and allow for e�cient use of resources;  The identi�cation and early
warning of low-incidence events would allow for early identi�cation of unsuspected injuries;  Analysis of
many events from different sources would allow for rapid and accurate identi�cation of contributing
factors; and  Lessons learned could be widely shared. Despite these advantages, there are doubts about
the practicality of a uni�ed adverse event reporting system in foreign countries[16].

Based on the analysis of the existing adverse event whole process management mode, at present, our
department relies on the information construction and our self-developed clinical information
management system of surgical anesthesia(see Figure 3 for details), and develops and designs a
professional adverse event management system by ourselves see Figure 4 and 5 for details), which can
connect to various hospital information systems (such as HIS system) across platforms and read
relevant data, further simplifying the reporting procedure and shortening the time of �lling out the
reporting form. Scienti�c use of hierarchical classi�cation analysis method, timely feedback and positive
improvement of reported events; the use of improved comprehensive trigger tool detection method,
sorting out all the high-risk processes of adverse events, automatic detection of adverse events, reducing
the phenomenon of misreporting and omission, thus enhancing the ability of our department to identify,
deal with safety hazards and prevent the occurrence of adverse events, and thus promoting the
management of adverse events in our department, to achieve safe medical The goal of safe medical
treatment. At present, the system has entered the trial stage, before using the system, using manual
statistics, generally need 5-10 days to complete the report �le, for this reason has to set the monthly
adverse event statistics analysis cycle in the 1-10 days of each month, such as May to do the April report
cycle for April 1 to May 1, the next 5-10 days for the production of reports and the reported events for
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classi�cation analysis. However, after using the system, it only takes one hour to complete all the
previous workload, which greatly improves the work e�ciency.

The next step is to use the information system with related management technology to write programs to
realize a graphical interface and further improve the quality of management; the other step is to further
improve the whole process of adverse event management with the help of big data, cloud computing and
deep learning related machine intelligence technology to reduce the rate of missing and misreporting of
adverse events and improve the user experience of those who �ll in the report.

Conclusion
Medical quality and safety are the foundation of medical work, and continuous improvement of medical
quality and ensuring medical safety are the eternal themes of medical management. Singer was the �rst
to propose the concept of patient safety culture in 2003[17], with the aim of integrating safety concepts
and awareness into medical work, making patient safety culture the primary ideology of medical work,
and the implementation of safety culture has brought a new perspective of medical work. Patient safety
and the international goals(2019) "Goal 8 Encourage patient participation in patient safety; Goal 9
Proactive reporting of patient safety events", adjusting the original proactive reporting of adverse patient
events to the signi�cance of reporting patient safety events and medical adverse events as an important
means of building patient safety is self-evident[1].

Scienti�c improvement of medical safety adverse event reporting systems is a long way to go, and is
necessary for the development of medicine and for the overall quality management of the department or
even the hospital. Every medical institution should build a perfect adverse event reporting system and
make full use of the advantages of the network platform to achieve the purpose of optimization.
Reporting is the process, while later recti�cation is what the hospital needs. The construction of the whole
system should be initiated from top management, from top to bottom, focusing on system improvement
rather than individual errors, to promote all medical staff to actively participate in adverse event reporting,
and then give full play to the role of the adverse event reporting system in improving the medical service
system and ensuring patient safety.

In view of the current situation of medical safety, doctor-patient relationships and medical disputes in
China, I believe that foreign medical error and malpractice reporting systems are worthy of our study and
reference[18, 19]. For example, the academic groups in China (Chinese Medical Association, Chinese
Hospital Management Association, Chinese Society of Preventive Medicine and Chinese Nursing
Association) should take the lead or the health administration department should organize and
coordinate to establish an external reporting system for medical errors and adverse events and each
hospital's own internal reporting system as soon as possible in accordance with China's national
conditions by referring to foreign medical errors and adverse events reporting systems and combining the
experience of our direct reporting and early warning system for SARS(Severe Acute Respiratory
Syndrome) and avian in�uenza prevention and treatment[20, 21]. In order to improve the quality of medical
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care and promote medical safety, we will establish an external reporting system for medical errors and
malpractice and an internal reporting system for each hospital in China as soon as possible[22].
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Figure 1

Reporting of Adverse Events of Anesthesia in 2019-2020
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Figure 2

Percentage and year-on-year growth rate of adverse anesthesia events in each month from 2019 to 2020
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Figure 3

A clinical information system for surgical anesthesia in a tertiary A hospital

Figure 4

Anesthesia Adverse Event Management System of a tertiary A hospital
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Figure 5

Anesthesia Adverse Event Management System of a tertiary A hospital


