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Background: Sustained interest is needed in the characteristics of critical incidents in pedi-
atric anesthesia and related changes, for determining the causes and degree of potential 
harm; this will also improve the quality of medical care. This study aimed to analyze the inci-
dence of critical incidents recorded in 2014–2019, and to compare them with those in 
2008–2013. 

Methods: Critical incidents associated with pediatric anesthesia, including cardiac arrest, 
recorded in a voluntary departmental reporting system between January 2014 and Decem-
ber 2019 were compared with those reported between January 2008 and August 2013 us-
ing chi-square test. 

Results: We identified 295 (0.55%) critical incidents from 53,541 cases of pediatric anes-
thesia (3,471 cardiothoracic surgeries); this is consistent with the previously reported inci-
dence of 0.46%. Among the critical incidents, the incidences of adverse events, sentinel 
event, near miss case and no-harm events were 93.9%, 1.7%, 0%, and 6.1% in 2014–
2019, whereas those were 98.3%, 2.6%, 1.7%, and 0% in 2008–2013 (P = 0.023, 0.686, 
0.080, and < 0.001, respectively). Cardiac arrest accounted for 25 (8.5%) cases of the 295 
critical events, which significantly lower than that previously reported (18.3%; P = 0.020). 
Human factor-related events accounted for 61.0% of all critical incidences; this was similar 
to the previous data (58.5%). 

Conclusions: Over six years, there has been no significant difference in the total incidence 
of critical events. Despite the decrease in the incidence of serious critical events, periopera-
tive care in pediatric anesthesia can be further improved. 

Keywords: Anesthesia; Child; Incident reportings; Intraoperative complications; Medical er-
rors; Perioperative care.

INRTODUCTION

Pediatric patients are vulnerable to critical incidents asso-

ciated with anesthesia [1]; moreover, their perioperative care 

is challenging and requires a specialized pediatric anesthe-

sia care team [2]. Reporting and analysis of perioperative 

critical incidents allow identification of the cause of critical 

incidents, understanding of the current situation, and the 
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development of a prevention strategy [3]. To improve the 

quality of perioperative care and patient safety, it is import-

ant to determine the characteristics of critical incidents and 

their temporal changes. 

There have been several reports regarding critical inci-

dents and cardiac arrests during the perioperative period in 

the pediatric population [4–9]. We previously analyzed criti-

cal incidents related to pediatric anesthesia, that occurred 

between 2008 and 2013 at a teaching children’s hospital [5]. 

The rate of critical incidents was 0.5%; in addition, >  50% of 

all critical incidents were preventable [5]. There have been 

ensuing changes in our medical field, including in anesthe-

sia practice and manpower. For example, point-of-care ul-

trasonography has been introduced and widely adapted. 

Devices for difficult airway management, including a high 

flow nasal cannula, supraglottic airway device, and videola-

ryngoscope, have been increasingly employed in routine an-

esthesia practice. Furthermore, surgical procedures have 

become less invasive. 

Since 2017, the number of pediatric anesthesia specialists 

of our institute has gradually increased. In particular, it in-

creased from an average of 4.8 to 6.2 persons between 2008–

2013 and 2014–2019. The average cumulative career years 

per junior staff were 1.3 and 4.25 years in 2013 and 2019, re-

spectively. In addition, there was a gradual increase in anes-

thesia cases in the outside operating room. 

We speculated that changes in the above factors over time 

may have contributed to the decreased occurrence of critical 

events [8]. Therefore, this study aimed to analyze the charac-

teristics of critical incidents, including cardiac arrest, record-

ed between 2014 and 2019, and compare them with those 

recorded between 2008 and 2013. 

MATERIALS AND METHODS 

Study design, center, and population 

This retrospective observational study was performed at 

the tertiary teaching children’s hospital, and the study pro-

tocol was approved by the Institutional Review Board of our 

hospital (no. 2005-161-112), which waived the requirement 

for written informed consent. This study was performed ac-

cording to the ethical standards set by the 1964 Declaration 

of Helsinki and its later amendments. 

Data from patients aged ≤  18 years at the time of surgery, 

between January 2014 and December 2019 were included in 

the analysis. The number of operating rooms and the “call 

for help” system were unchanged. If monitoring medical 

personnel encountered problems, they could call for the 

backup anesthesiologists using a speakerphone in the oper-

ating room; these encountered problems and critical inci-

dents were recorded using our own reporting form (Fig. 1A). 

The patient monitors in each operating room were installed 

in the central monitoring room (Fig. 1B); therefore, from 

2012, vital signs could be conveniently checked in the cen-

tral monitoring room. 

Definitions 

Data were collected using a critical incident reporting 

form and electrical medical charts. A critical incident was 

defined as (i) any incident that altered the patients’ vital 

signs and affected patient management under the anesthe-

siologist’s care, and (ii) patient injury or accidents that af-

fected patient safety due to human error. However, simple 

vital sign changes, such as transient desturation which was 

spontaenously recovered or caused by motion artifact, were 

excluded. The critical incidents were categorized in more 

detail according to the patient safety policy of the Joint Com-

mission International (JCI), including near miss, no-harm, 

adverse, and sentinel events (Fig. 2). A near miss is an event 

that could have resulted in harm to a patient, but did not af-

fect the patient. A no-harm event is an event, that affects the 

patient but does not result in harm, and an adverse event is 

an event that is harmful to the patient; it is defined as an un-

intended injury to a patient as a result of hospital care and 

not by the course of disease [10]. A sentinel event is an ad-

verse event that affects patients resulting in harm such as 

death, permanent harm, or severe temporary harm resulting 

in additional invasive intervention. Based on the change in 

definitions, the previous data were reclassified as per the 

new definitions and compared with those from 2014–2019.  

Cardiac arrest was defined as any event requiring chest 

compression for maintaining cardiac output, with these 

events being separately analyzed. For cases of cardiac arrest, 

the type of problem was classified according to the pediatric 

advanced life support guidelines. Human factor-related crit-

ical incidents included those that could have been prevent-

ed with more caution, knowledge, advanced techniques, 

and early detection. 

Data collection and analysis 

Three anesthesiologists reviewed the electronic medical 
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charts for all reported critical incident cases. Each reported 

critical incident cases was from voluntary reporting system. 

Subsequently, the critical incidents were classified into five 

major classifications (respiratory, cardiovascular, pharma-

cological, equipment, and others) based on the causes. All 

events were classified by two anesthesiologists and addition-

ally evaluated by another. Disagreements regarding catego-

rization were resolved through consultation with two other 

pediatric anesthesiologists [5]. When multiple events oc-

curred simultaneously in one patient, each event was count-

ed as one case. The primary outcome of this study was to 

evaluate changes in the patterns of critical incidents by com-

Fig. 1. Critical incident reporting form (A) and central monitoring system of the operating theater in our center (B).
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paring the incidence of critical incidents on the present and 

previous data [5] and the secondary outcome was to assess 

quality improvement of perioperative management by com-

paring the incidence of cardiac arrest, and human related 

critical incidents on the present and previous data. Addi-

tionally, the sample size for analysis was determined by set-

ting the period after the period of the previous study. The 

chi-square test was used for subgroup comparisons between 

the two selected time intervals (2008–2013 and 2014–2019), 

and mean differences of proportions with 95% confidence 

interval (CI) were calculated. Statistical analysis was per-

formed using MedCalc (ver. 12.7.7, MedCalc, Belgium). P <  

0.05 was considered to indicate statistical significance.  

RESULTS 

Between January 2014 and December 2019, 53,541 cases 

of pediatric anesthesia (3,471 cardiothoracic surgeries) were 

recorded. We identified 295 critical incidents which repre-

sented the incidence of 0.55 % (295/53,541). This value was 

similar to the 0.46% reported between 2008 and 2013 (mean 

difference, 0.09%; 95% CI, –0.04 to 0.14%; P =  0.287). The in-

cidence of detailed categorized critical incidents differed be-

tween 2008–2013 and 2014–2019. 

Among the critical incidents, the incidences of each event 

according to patient safety policy in 2014–2019 and in 2008–

2013 are as follow; adverse events 93.9% vs. 98.3% (mean dif-

ference, 4.4%; 95% CI, 0.8 to 8.0%; P =  0.023), sentinel event 

1.7% vs. 2.6% (mean difference, 0.9%; 95% CI, –1.86 to 4.1%; 

P =  0.686), near miss case 0% vs. 1.7% (mean difference, 

1.7%; 95% CI, – 0.06 to 4.4%; P =  0.08) and no-harm events 

6.1% vs. 0% (mean difference, 6.1%; 95% CI, 3.2 to 9.5%; P <  

0.001) respectively (Supplementary Table 1). 

The incidence of critical events was higher among infants 

<  1-year-old (103/10,847, 0.95%) than among children aged 

above 1-year (192/42,694, 0.45%). The incidence of critical 

events was higher in patients with American Society of An-

esthesiologists classification of 3 and 4 (61/4,215, 1.45%) 

than in those with American Society of Anesthesiologists 

classifications of 1 and 2 (232/49,306, 0.47%; Table 1). The 

incidences of critical incidents related to cardiac and 

non-cardiac surgery were 23/3,471 (0.7%) and 272/50,070 

(0.54%), respectively.  

Primary outcome  

1. Total critical incidents 

The comparison of incidence of each critical event by the 

classification between 2008–2013 and 2014–2019 are present-

ed in Supplementary Table 1. Table 2 and Fig. 3A present the 

characteristics of all the critical incidents that occurred be-

tween 2014 and 2019. Total critical incidents were not signifi-

Table 1. ASA Classification and Age Distribution of Total Anesthetics Administered (n = 53,541) and Critical Incidents (n = 295)

Patient characteristics Total anesthetics 
(n =  53,541)

Critical incidents 
(n =  295)

Critical incidents/
total anesthetics (%)

ASA classification
I 34,400 135 0.4
II 14,906 97 0.7
III 3,941 51 1.3
IV 274 10 3.6
V 18 2 11.1
VI 2 0

Age
<  1 years old 10,847 103 0.95

≥  1 years old 42,694 192 0.45

Values are presented as number only. ASA: American Society of Anesthesiologists.

Fig. 2. The categorization of critical incidents: near miss, no-harm 
event, adverse event, and sentinel event.
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Table 2. Classification of Total Critical Incidents

Major classification Detailed classification Cardiac surgery Non-cardiac surgery Total
Respiratory (n =  172) Tracheal tube related* 0 (0) 65 (22.0) 65 (22.0)

Laryngospasm 0 (0) 54 (18.3) 54 (18.2)
Ventilatory failure 1 (0.3) 30 (10.1) 31 (10.5)
Supraglottic device – unfitting 0 (0) 13 (4.4) 13 (4.4)
Lower airway obstruction 0 (0) 3 (1.0) 3 (1.0)
Pulmonary aspiration 0 (0) 2 (0.7) 2 (0.7)
Glottis edema/obstruction by tongue 0 (0) 1 (0.3) 1 (0.3)
Pneumothorax 0 (0) 1 (0.3) 1 (0.3)
Hypoxia of unknown cause† 0 (0) 1 (0.3) 1 (0.3)
Pleural effusion 0 (0) 1 (0.3) 1(0.3)
Total 1 (0.3) 171 (58.0) 172 (58.3)

Cardiovascular (n =  42) Arrhythmia 9 (3.0) 4 (1.4) 13 (4.4)
Hemorrhage/hypotension 2 (0.7) 9 (3.1) 11 (3.7)
Hypovolemia 0 (0) 5 (1.7) 5 (1.7)
Cardiogenic shock 2 (0.7) 3 (1.0) 5 (1.7)
Cardiopulmonary bypass related 2 (0.7) 0 (0) 2 (0.7)
Electrolyte imbalance 0 (0) 2 (0.7) 2 (0.7)
Fluid overloading 0 (0) 1 (0.3) 1 (0.3)
Error of surgeon 1 (0.3) 0 (0) 1 (0.3)
Air embolism 1 (0.3) 0 (0) 1 (0.3)
Hypotension of unknown cause 0 (0) 1 (0.3) 1 (0.3)
Total 17 (5.8) 25 (8.5) 42 (14.2)

Pharmacological (n =  24) Medication error 0 (0) 20 (6.8) 20 (6.8)
Adverse drug reaction 1 (0.3) 0 (0) 1 (0.3)
Anaphylaxis 0 (0) 3 (1.0) 3 (1.0)
Total 1 (0.3) 23 (7.8) 24 (8.1)

Equipment (n =  24) Disconnection 1 (0.3) 21 (7.1) 22 (7.5)
Ventilator failure 0 (0) 2 (0.7) 2 (0.7)
Total 1 (0.3) 23 (7.8) 24 (8.1)

Others (n =  33) IV disconnection/malfunction 0 (0) 7 (2.4) 7 (2.4)
Tooth extraction 0 (0) 7 (2.4) 7 (2.4)
Inadequate anesthetic depth 0 (0) 4 (1.4) 4 (1.4)
Central catheter-related‡ 1 (0.3) 3 (1.0) 4 (1.4)
Complication during catheterization 2 (0.7) 2 (0.7) 4 (1.4)
Burn 0 (0) 3 (1.0) 3 (1.0)
Seizure 0 (0) 1 (0.3) 1 (0.3)
Fall down 0 (0) 1 (0.3) 1 (0.3)
Fire hazard 0 (0) 1 (0.3) 1 (0.3)
Sore 0 (0) 1 (0.3) 1 (0.3)
Total 3 (1.0) 30 (10.1) 33 (11.1)

Total critical incidents (n =  295) 23 (7.8) 272 (92.2) 295 (100)

Values are presented as number (%). IV: intravenous. *Both tracheal and tracheostomy tube related, it includes accidental extubation, 
tracheal tube obstruction, endobronchial intubation or intubation failure. †Hypoxia was defined by pulse oximetry values lower than 90%. 
‡Accidental withdrawals, malfunction or abnormal position of central catheter.

cantly changed in 2014–2019 compared with in 2008–2013, 

but critical incidents by classification was different in respira-

tory events and cardiovascular event between 2008–2013 and 

2014–2019. Respiratory events were the most common criti-

cal events (172/295, 58.3%) during the perioperative period, 

similar to that during 2008–2013 (55.4%; mean difference, 

2.9%; 95% CI, –5.9 to 11.7%; P =  0.565). They occurred in the 

following order: tracheal tube related complications (65/172, 
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Fig. 3. Detailed classification of critical incidents (A, B) and cardiac arrest (C, D) in 2014-2019 and 2008-2013. (A) Classification of total 
critical incidents; (B) Classification of human error-related critical incidents; (C) Classification of total cardiac arrest; (D) Classification of 
human error-related cardiac arrest. Data have been presented as percentages in (A) and (B), and the number of patients in (C) and (D). 
Data from 2008–2013 were previously published (data from the article of Lee et al. [Paediatr Anaesth 2016; 26: 409-17] [5]).

37.8%), laryngospasm (54/172, 31.4%), and ventilator failure 

(31/172, 18.0%). The proportion of laryngospasm within re-

spiratory event was increased from 17.3% in 2008–2013 

(mean difference, 14.1%; 95% CI, 3.8 to 23.8%; P =  0.008). 

Cardiovascular events were the second most common 

(42/295, 14.2%); their incidence was lower than that of the 

previous data (60/229, 26.2%). The majority of cardiovascular 

events in 2014–2019 and 2008–2013 were arrhythmias (13/42, 

31%) and hemorrhage or hypotension (22/60, 36.7%), respec-

tively. 

Similar to a previous report, the third most common cause 

of critical incidents was pharmacological problems. Medica-

tion error was the most common pharmacological event 

(20/24, 83.3%) and its incidence was higher than that ob-

served between 2008 and 2013 (8/16, 50%; mean difference, 

33.3%; 95% CI, 0.6 to 61.3%; P =  0.050). 

The proportion of equipment problems was comparable 

between 2014–2019 (24/295, 8.1%) and 2008–2013 (14/229, 

6.1%; mean difference, 2.0%; 95% CI, –2.9 to 6.6%, P =  

0.480). Circuit disconnection was the most common in both 

2014–2019 (22/24, 91.7%) and 2008–2013 (10/14, 71.4%). 

Critical incidents categorized as “others” significantly in-

creased from 5.2% (12/229) in 2008–2013 to 11.2% (33/295) 

in 2014–2019 (mean difference, 6.0%; 95% CI, 1.0 to 10.9%; P 

=  0.020), and they were diverse. The most common critical 

incidents in the category “others” were intravenous (IV) dis-

connection/malfunction and tooth extraction, and each 

event accounted for 21.2% (7/33) of the cases. 
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Secondary outcome 

1. Cardiac arrest 

The incidence of cardiac arrest decreased from 18.3% (8.5 

cases per 10,000 anesthetics) in 2008–2013 to 8.5% (4.7 cases 

per 10,000 anesthetics) in 2014–2019 (mean difference, 

–9.8%; 95% CI, –15.7 to –3.7%; P =  0.020). Table 3 and Fig. 3C 

present details regarding the cases of cardiac arrest. Anes-

thesia unrelated cardiac arrest (18/25, 72%) was more com-

mon than anesthesia related cardiac arrest (7/25, 28%). The 

most common cause of cardiac arrest was cardiovascular 

problems (21/25, 84%) and only 3 (12%) cases of cardiac ar-

rest were associated with respiratory causes. 

The mortality rate after cardiac arrest was 1.0% (3/295); 

this was not significantly lower than that in 2008–2013 

(6/229, 2.6%; mean difference, –1.6%; 95% CI, –4.7 to 0.9%; P 

=  0.287). Two infants died owing to uncontrolled bleeding 

during craniotomy and tumor removal. Another 2-month-

old preterm infant with multiple problems, including necro-

tizing enterocolitis, and kidney and hepatic failure with sep-

tic shock, developed cardiac arrest resulting from massive 

bleeding and died on postoperative day 1. 

2. Human factors related critical incident 

Human factors were involved in 180 (61.0%) critical inci-

dents; this was similar to the incidence in 2008–2013 (134/229, 

58.5%; mean difference, 2.5%; 95% CI, –6.19 to 11.21%; P =  

0.625). Details were presented in Table 4 and Fig. 3B. Respira-

tory events were the most common critical incidents involving 

human error (95/180, 52.8%); this was similar to that in 2008– 

2013 (72/134, 53.7%; mean difference, –0.9%; 95% CI, –12.4 to 

10.7%; P =  0.970). All human factor-related pharmacological 

events comprised medication errors and equipment problems 

were circuit disconnections. 

The incidence of human factor-related events was similar 

between cardiac (14/23, 60.9%) and non-cardiac surgery 

(166/272, 61.0%). As seen from the total critical incidents, 

the most common human factor-related critical incident in 

cardiac surgery was related to cardiovascular events (10/14, 

71.4%), whereas respiratory events were the most common 

human factor-related critical incidents in non-cardiac sur-

gery (95/166, 57.2%). 

Fig. 3D demonstrates the numbers of human factor-relat-

ed cardiac arrests in each period. The proportion of human 

factor related cardiac arrest in 2014–2019 (12/25, 48%) did 

not significantly decrease from that in 2008–2013 (57.1%; 

24/42; mean difference, –9.1%; 95% CI, –34.4 to 17.2%; P =  

0.640). Among them, cardiac arrests caused by human fac-

tor-related respiratory events appeared to decrease from 

19% (8/42) in 2008–2013 to 4% (1/25) in 2014–2019, although 

without significant differences (mean difference, –15%; 95% 

CI, –29.6 to 3.0%; P =  0.080).

DISCUSSION 

This study updated the data regarding critical incidents 

associated with pediatric anesthesia at a single tertiary 

teaching children’s hospital in 2014–2019, and compared it 

Table 3. Classification of Cardiac Arrest

Major classification Detailed classification Anesthe-
sia-related

Anesthe-
sia-unrelated Total PALS classification

Cardiovascular (n =  21) Cardiogenic shock 2 (8) 2 (8) 4 (16) Cardiogenic shock (4)
Hemorrhage/hypotension 1 (4) 3 (12) 4 (16) Cardiogenic shock (1), hypovolemic shock (3)
Arrhythmia 0 (0) 6 (24) 6 (24) Cardiogenic shock (6)
Cardiopulmonary bypass 

related
0 (0) 1 (4) 1 (4) Cardiogenic shock (1)

Air embolism 0 (0) 1 (4) 1 (4) Cardiogenic shock (1)
Hypovolemia 0 (0) 2 (8) 2 (8) Hypovolemic shock (2)
Electrolyte imbalance 2 (8) 0 (0) 2 (8) Cardiogenic shock (2)
Pulmonary hypertension 0 (0) 1 (4) 1 (4) Cardiogenic shock (1)
Total 5 (20) 16 (64) 21 (84)

Respiratory (n =  3) Ventilatory failure 1 (4) 1 (4) 2 (8) Lower airway obstruction (1), upper airway 
obstruction (1)

Tracheal tube related 1 (4) 0 (0) 1 (4) Disordered control of breathing (1)
Total 2 (8) 1 (4) 3 (12)

Pharmacological (n =  1) Medication error 0 (0) 1 (4) 1 (4) Cardiogenic shock (1)
Total cardiac arrest (n =  25) 7 (28) 18 (72) 25 (100)
Values are presented as number (%). PALS: pediatric advanced life support.
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Table 4. Human Factor-related Critical Incidents

Major classification Detailed classification Cardiac surgery Non-cardiac surgery Total
Respiratory (n =  95) Tracheal tube related* 0 (0) 48 (26.7) 48 (26.7)

Laryngospasm 0 (0) 26 (14.4) 26 (14.4)
Ventilatory failure 0 (0) 13 (7.2) 13 (7.2)
Supraglottic device – unfitting 0 (0) 7 (3.9) 7 (3.9)
Pneumothorax 0 (0) 1 (0.6) 1 (0.6)
Total 0 (0) 95 (52.8) 95 (52.8)

Cardiovascular (n =  19) Cardiopulmonary bypass related 2 (1.1) 0 (0) 2 (1.1)
Hemorrhage/hypotension 2 (1.1) 2 (1.1) 4 (2.2)
Air embolism 1 (0.6) 0 (0) 1 (0.6)
Arrhythmia 3 (1.7) 0 (0) 3 (1.7)
Cardiogenic shock 1 (0.6) 2 (1.1) 3 (1.7)
Hemothorax 0 (0) 0 (0) 0 (0)
Hypovolemia 0 (0) 2 (1.1) 2 (1.1)
Fluid overloading 0 (0) 1 (0.6) 1 (0.6)
error of surgeon 1 (0.6) 0 (0) 1 (0.6)
Electrolyte imbalance 0 (0) 2 (1.1) 2 (1.1)
Total 10 (5.6) 9 (5.0) 19 (10.6)

Pharmacological (n =  20) Medication error 0 (0) 20 (11.1) 20 (11.1)
Total 0 (0) 20 (10.6) 20 (10.6)

Equipment (n =  19) Disconnection 1 (0.6) 18 (10) 19 (10.6)
Total 1 (0.6) 18 (10) 19 (10.6)

Others (n =  27) Central catheter-related† 1 (0.6) 2 (1.1) 3 (1.7)
Complication during catheterization 2 (1.1) 2 (1.1) 4 (2.2)
Burn 0 (0) 3 (1.7) 3 (1.7)
IV disconnection/malfunction 0 (0) 6 (3.3) 6 (3.3)
Inadequate anesthetic depth 0 (0) 2 (1.1) 2 (1.1)
Tooth extraction 0 (0) 6 (3.4) 6 (3.4)
Fall down 0 (0) 1 (0.6) 1 (0.6)
Fire hazard 0 (0) 1 (0.6) 1 (0.6)
Sore 0 (0) 1 (0.6) 1 (0.6)
Total 3 (1.7) 24 (13.3) 27 (15)

Total human factor-related critical 
incidents (n =  180)

14 (7.8) 166 (92.2) 180 (100)

Values are presented as number (%). IV: intravenous. *Both endotracheal and tracheal tube related, it includes accidental extubation, 
tracheal tube obstruction, endobronchial intubation or intubation failure. †Accidental withdrawal, malfunction or abnormal position of 
central catheter.

with previous data obtained in 2008–2013 [5]. Despite the 

increase in manpower and improvement in monitoring sys-

tems, the incidence rate and patterns of total critical inci-

dents did not change significantly over 6 years. 

We hypothesized that the rate of total and human-related 

critical incidents would be lower than that in 2008–2013 [5], 

given the increase in the number of pediatric anesthesia 

specialists and their experience. According to the multi-

center APRICOT (Anaesthesia Practice In Children Observa-

tional Trial) study conducted in Europe, the anesthesiolo-

gist’s experience reduces the incidence of severe respiratory 

and cardiovascular critical events [8], and may affect the pa-

tients’ outcome [11]. However, we found that the rate of total 

critical incidents did not change considerably. Actually, the 

rate of critical incidents changed differently for each event 

(increased rate of critical incidents such as laryngospasm, 

circuit disconnection, IV disconnection, and medication er-

ror, whereas, a decreased rate of critical incidents such as 

cardiovascular events). In addition, the proportion of cardi-

ac surgery in human factor related critical incidents de-

creased compared to the previous data. For pediatric pa-

tients undergoing cardiac surgery, interdisciplinary co-work 
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is important in terms of clinical outcome and patient safety 

compared to noncardiac surgery [12]. Our pediatric cardiac 

anesthesiologists’ team member has not changed since 2008 

and the experience has accumulated. In addition, multidis-

ciplinary team collaboration among cardiac anesthesiolo-

gists, surgeons, pediatricians and nurses have been well es-

tablished. These factors may contribute the decreased inci-

dence of human error in cardiac surgery. 

The possible reasons for minimal changes in the critical 

incidents rate are as follows: An increase in the number and 

experience of specialists could decrease the incidence of 

more serious events such as cardiovascular events including 

cardiac arrest. On the other hand, this factor would also al-

low for faster and more sensitive detection of critical inci-

dents. The threshold for calling for help and reporting the 

case could have been lower in 2014–2019 than in 2008–2013. 

Based on the new categorization, the total incidence of near 

miss and no-harm events increased from 1.8% in 2008–2013 

to 6.1% in 2014–2019, meaning that the detection rate in-

creased and early management was done to avoid these 

events from progressing to adverse events. 

Another reason may be that quality improvement efforts 

might have been insufficient during the study period, con-

sidering that medication error and communication error 

can be significantly improved by quality improvement ef-

forts. Medication error was an important human error in pe-

diatric anesthesia and drug overdose and miscalculation 

was the most common error [13]. The Wake Up Safe for 

Quality Improvement Initiative in pediatric anesthesia re-

ported that medication error was the third most common 

critical incident, with 97% of these errors being preventable 

[14]. The communication failures are also preventable and 

account for a significant number of errors in the operating 

theater [15]. 

Even though the incidence of overall critical events did 

not reduce, there was a significant decrease in the incidence 

of cardiac arrest. This suggests that severe complications 

may be prevented through early detection of critical inci-

dents, as well as prompt and appropriate treatment on their 

occurrence. In particular, there was a decrease in respiratory 

events induced-cardiac arrest, compared to those in 2008–

2013. The proportion of cardiac arrests with a respiratory 

cause was 23.8% (10/42) in 2008–2013; this declined to 12% 

(3/25) in 2014–2019. We speculated that inclusion of regular 

education on pediatric difficult airway algorithms in the res-

ident training program after 2013, could have contributed to 

the reduced incidence of respiratory arrests in the operating 

room. Additionally, there has been an increase in the acces-

sibility and use of supraglottic airway devices, videolaryngo-

scopes, and high flow nasal cannula. It can be presumed 

that appropriate use of these resources has contributed to 

the reduction in the number of cases of cardiac arrest in-

duced by respiratory causes. 

After reviewing our data, we found some points that can 

improve the quality of pediatric anesthetic care. First, we 

need to reduce preventable human errors such as medica-

tion error to decrease critical incidents; many strategies have 

been reported to improve these errors [14,16,17]. Second, 

education program should be further strengthened, espe-

cially at the beginning of each training year. Bringing atten-

tion to frequently occurring accidents as well as recognizing 

of complications will reduce the chances of the same events 

occurring again [18]. Third, it is also important to maintain 

constant resources and interest in what is well maintained in 

terms of quality management. Lastly, it is essential to create 

an environment that encourages voluntary reporting and 

gives constructive feedback to maintain quality control. 

This study has several limitations. First, this was a sin-

gle-center study and may not represent the circumstances of 

all hospitals. Even though we applied the patient safety poli-

cy of the JCI to complement this limitation of the single cen-

ter study, it is not enough to know the real situation depend-

ing on hospital’s situation or prevent critical incident of oth-

er hospital. Therefore, it is necessary to create a nation-wide 

registry related to critical incidents in perioperative care. 

Second, since the study objective was the comparison of 

data between 2014–2019 and 2008–2013, data regarding 

gender, anesthetic management protocols, anesthetic agents 

used, anesthesia duration, and events related to regional an-

esthesia were not analyzed as before. Finally, thresholds for 

calling for help and reporting the cases may have varied de-

pending on the attending anesthesiologists; furthermore, 

there could have been under-reporting, especially in cases 

of near miss or no-harm events. 

In conclusion, our findings suggest that the incidence of 

pediatric perioperative critical incidents did not change sig-

nificantly over 6 years. However, the incidence of adverse 

events and cardiac arrests from critical incidents decreased. 

The majority of critical incidents were associated with hu-

man error. The implementation of strategies for reducing 

various errors should therefore be continued to maximize 

children’s safety during the perioperative period. 
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