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Abstract

Background and Aims: Pediatric anesthesia is associated
with high morbidity and mortality, especially in low-income
countries. Our study aimed to describe perioperative critical
incidents and identify the associated factors.

Introduction

Pediatric anesthesia has specificities related to the
physiological, anatomical, pharmacological, and psychological
peculiarities of children. It is associated with a higher risk of
morbidity and mortality than adults [1,2]. The incidence of
perioperative complications is ranged from 5.6% to 33.1%, and
the mortality rate from 103 to 410 per 10,000 anesthetics. In
developed countries, morbidity and mortality have decreased in
recent decades, due to advanced anesthetic and surgical
practices. However, in low-income and middle-income countries,
it is still high. But few studies have assessed the risk factors for
morbidity in these countries [3-10].

Material and Methods: We conducted a prospective,
observational cohort study from August 3 to November 3,
2020, including patients aged 15 years or younger.
Intraoperative and early postoperative critical incidents
were recorded. The Chi-square test was used for identifying
morbidity factors.

Results: The study included 153 patients with a mean age of
6.27 + 4.7 years and a sex ratio of 2.3. The procedure was
emergent in 51.6% of cases. Patients were classified as ASA
one in 76.5% and ASA 2 3 in 7.1%. Anesthesia was
performed by nurse anesthetists alone in 75.2%. Critical
incidents occurred in 49.0% of patients. Hypoxia (3.3%),
hypotension (3.3%), difficult ventilation and intubation
(2.0%) occurred during anesthesia induction. During the
maintenance phase, there was hypoxia (4.6%), hypotension

This study was designed to identify perioperative critical
incidents in pediatric anesthesia and assess the risk factors.

Materials and Methods

(4.6%), and shivering (3.3%). During recovery and
postoperatively, delayed recovery (10.5%), hypoxia, and
vomiting occurred in 2.6%, respectively. Six patients (3.9%)
died postoperatively from acute respiratory distress
syndrome (50.0%), septic shock, hemorrhagic shock, and
ventilator failure in 16.7%, respectively. Age less than two
years, emergent surgery, ASA class > 3, and absence of an
anesthesiologist were associated with the occurrence of
critical incidents.

Conclusion: Respiratory and cardiovascular events are the
common critical incidents in pediatric anesthesia. Age less
than two years, emergent surgery, ASA class > 3, and the
absence of an anesthesiologist are associated with
morbidity.

Study design

This study was approved by the Ethical committee and
authorized by the hospital director. Written informed consent
was obtained from the parents or legal guardians of all patients
before inclusion. Patient data were collected in compliance with
ethical standards and in accordance with the principles of the
declaration of Helsinki. We conducted a prospective,
observational cohort study, from August 3 to November 3, 2020.
Patients aged 15 years or younger, who underwent a procedure
under anesthesia, were included. The anesthesia was provided
by anesthesiologists, who were Anesthesia Attending Physicians
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(AAPs), and Nurse Anesthetists ( NAs) w ho graduated with a
bachelor’s or Master's.

Data collection

Patients were selected during the pre-anesthetic visit for
emergencies, and the day before the procedure for elective
procedures. We recorded demographic characteristics, pre-
anesthetic and intraoperative data, and critical incidents
occurring intraoperatively and during the first 48 hours
postoperatively, or until discharge prior 48 hours.

A perioperative critical incident was defined as any adverse
event that complicated the normal course of anesthesia and
altered the patient's vital signs during anesthesia or
postoperatively.

Statistical analysis

Data were summarized as mean and Standard Deviation (SD)
for continuous variables, frequencies and percentages for
categorical variables. Statistical analysis was performed with Epi
Info 3.5.4 software (Epi Info™, center for disease control and
prevention, USA). The Chi-square test was used to study the
association between critical incidents and the following clinical
variables: Age, sex, American Society of Anesthesiologists (ASA)
physical status, type of procedure, surgical specialty, anesthetic
technique and anesthetist qualification. The statistical
significance was defined as a P-value < 0.05.

Results

Our study included 153 patients aged 20 hours to 15 years,
with a mean age of 6.27 + 4.7 years (Figure 1). One hundred
seven patients (69.9%) were males (sex ratio = 2.3).

The procedures were elective in 74 patients (48.4%), while 79
cases (51.6%) were emergencies. Patients underwent digestive
(27.4%), urological (21.6%), trauma (17.6%), ear, nose and throat
(16.3%), neurosurgical (7.2%), plastic (5.9%), and orthopedic
(3.9%) procedures. A ter preoperative evaluation, 117 patients
(76.5%) were categorized as ASA 1; 25 (16.3%) as ASA 2; 10
(6.5%) as ASA 3, and one (0.6%) as ASA 5.

Table 1: Critical incidents recorded during induction period.
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General Anesthesia (GA) was used in 129 patients (84.3%) and
spinal anesthesia in 24 patients (15.7%). Inhalational induction
of GA was performed in nine patients (5.9%), Intravenous (V)
induction in 95 patients (62.1%) and both inhalational and IV
induction in 25 patients (16.3%). The following anesthetics were
used: Propofol (65 cases, 42.5%), fentanyl (41 cases, 26.8%),
halothane (53 cases, 34.6%), sevo lurane (49 cases,
32.0%), iso lurane (16 cases, 10.5%), and rocuronium (six
cases, 3.9%). Anesthesia was performed by NAs alone in 115
cases (75.2%) and both AAPs and NAs in 38 cases (24.8%).
Intraoperative monitoring included Saturation of Peripheral
Oxygen (Sp02) in all patients, an electrocardiogram in 148
patients (96.7%), noninvasive blood pressure in 147
patients (96.1%), the respiratory rate in 147 patients (96.1%),
and capnography in 18 patients (11.9%). The mean duration
of the surgery was 82 minutes + 44 minutes.
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Figure 1: Distribution of patients by age group.

One hundred and five critical incidents were recorded in 75
patients, with an incidence rate of 49.0%. Out of these, 82
(78.1%) occurred intraoperatively and 23 (21.9%) posto-
peratively. Sixty-two patients (40.5%) experienced one critical
incident; nine patients (5.9%) experienced two critical incidents,
and four patients (2.6%) experienced three critical incidents.
Twenty-three patients (15.0%) experienced critical incidents
during anesthesia induction (Table 1).

Frequency Percentage
Respiratory incidents 17 1.1
Difficult ventilation 3 2
Hypoxia” 5 3.3
Expected difficult intubation& 3 2
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Esophageal intubation 2 1.3
Bronchospasm 2 1.3
Failure of laryngeal mask airway 1 0.6
Coughing upon intubation 1 0.6
Cardiovascular incidents 6 3.9
Hypotension 5 3.3
Shock 1 0.6
Total incidents 23 15
Note: "SP0,<95% for more than 30 seconds, not due to other respiratory events.

&|ntubation procedure that lasted more than 10 minutes and/or required more than three attempts.

During the anesthetic maintenance period, 29 patients (19.0%)
experienced critical incidents (Table 2).

Table 2: Critical incidents recorded during anesthetic maintenance period.

Frequency Percentage

Respiratory incidents 8 5.2
Hypoxia® 7 4.6
Laryngospasm 1 0.6
Cardiovascular incidents 16 10.5
Hypotension 7 4.6
Hypovolemic shock 3 2
Tachycardia 3 2
Bradycardia 3 2

Shivering 5 3.3

Total incidents 29 19

Note: "SP02<95% for more than 30 seconds, not due to other respiratory events.

During emergence and postoperative periods, critical incidents

occurred in 30 (19.6%) and 12 patients (7.8%) respectively

(Table 3).

Table 3: Critical incidents recorded during emergence and postoperative periods.

Frequency Percentage

Emergence period 30 19.6
Delayed Awareness 16 10.5
Respiratory incidents 9 5.9
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Hypoxia” 4 2.6
Apnea* 2 1.3
Stridor 3 2

General and miscellaneous incidents 5 3.3
Agitation 3 2

Vomiting 2 1.3
Postoperative period 12 7.8
Respiratory incidents 7 4.6
Hypoxia” 4 2.6
Stridor 3 1.7
Cardiovascular incidents 6 3.9
Tachycardia 4 2.6
Shock 2 1.3
General and miscellaneous incidents 4 26
Nausea/vomiting 4 2.6
Death 6 3.9

Note: "SP02<95% for more than 30 seconds, not due to other respiratory events.

#Apnea during sedation with spontaneous mask ventilation.

Six patients were declared dead postoperatively. The
mortality rate was 3.9% (390 per 10,000 anesthetics). These six
patients were categorized as ASA 3 (five cases; 3.3%) and ASA 5
(one case; 0.6%). All underwent an emergent procedure and
died from acute respiratory distress syndrome (three cases:

50.0%), septic shock, hemorrhagic shock, and ventilator failure

in one case (0.6%) respectively.

Table 4: Patients characteristics associated with the occurrence of critical incidents.

The occurrence of critical incidents was correlated with
patient’s characteristics (Table 4),
characteristics (Table 5). These included: Age less than two
years, emergent surgery, ASA class > 3, and absence of an
anesthesiologist during anesthetic management

anesthetic and surgical

Total frequency (%) Frequency of CI" (%) Inciance (Frequency | p-value
of Cl'/total frequency)
Total cases 153 75 49
Age 0.0001
< 28 days 7 (4.6) 6 (8.0) 85.7
[28 days-2 years] 35 (22.9) 26 (34.7) -74.3
[2 years-5 years] 34 (22.2) 15 (20.0) 441
[5 years-10 years] 40 (26.1) 18 (24.0) 45
[10 years-15 years] 37 (24.2) 10 (13.3) 27

4
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Sex 0.23
Male 107 (69.9) 55 (73.3) 51.4
Female 46 (30.1) 20 (26.7) 435
Note: “Cl=Critical Incidents
Table 5: Anesthetic and surgical characteristics associated with the occurrence of critical incidents.
Total frequency (%) Frequency of CI" (%) Incidgnce (Frequency | p-value
of Cl'/total frequency)
Type of procedure 0.002
Emergency 79 (51.6) 48 (64.0) 60.8
Elective 74 (48.4) 27 (36.0) 36.5
Surgical specialty 0.503
Digestive 42 (27.4) 26 (34.7)
Urology 33 (21.6) 15 (20.0) 454
Traumatology 27 (17.6) 10 (13.3) 37
ENT* 25 (16.3) 13 (17.3) 52
Neurosurgery 11(7.2) 5(6.7) 45.4
Plastic 9 (5.9) 4 (5.3) 44.4
Orthopedic 6 (3.9) 2(2.7) 33.3
ASA class 0.006
1 117 (76.5) 53 (70.7) 45.3
2 25 (16.3) 11 (14.7) 44
3 10 (6.5) 10 (13.3) 100
5 1(0.6) 1(1.3) 100
Anesthetic technique 0.734
General anesthesia 129 (84.3) 64 (85.3) 49.6
Spinal anesthesia 24 (15.7) 11 (14.7) 45.8
Anesthetic team 0.035
AAP&present 38 (24.8) 13 (17.3) 34.2
AAP&absent 115 (75.2) 62 (82.7) 53.9

Note: "CI=Critical Incidents

#*ENT=Ear, nose and throat surgery

&Anesthesia attending physicians (anesthesiologists)
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Discussion

In this prospective study, we recorded critical incidents during
pediatric anesthesia in a tertiary hospital. The anesthetic and
surgical characteristics were analyzed to identify factors
associated with the occurrence of critical incidents. Our study
indicated that pediatric surgery involved all age groups, from
birth to 15 years. Critical incidents were frequent, especially
during the intraoperative period.

Most patients in our cohort (92.8%) were categorized as ASA
1 or 2. The ASA physical status was similar to that reported in
previous studies [2,4-9,11-13]. Indeed, children are growing
individuals who rarely have comorbidities or impaired vital
conditions; as a result, their ASA status is relatively healthy.

The incidence rate of critical incidents is heterogeneous based
on the study designs and anesthesia safety in each country. The
incidence reported in our cohort was higher than that reported
in most studies. In 2013, a previous survey in our hospital
reported 12.3% of perioperative incidents [5]. Amengle AL in
Cameroon and Akodjénou J in Benin reported, respectively,
33.1% and 23.7% [6,7]. This difference may be due to the design
and objectives of these previous studies. They were designed
retrospectively or aimed to describe the practice of pediatric
anesthesia. Therefore, critical incidents could be underreported.

In middle-income and high-income countries, the incidence
rate is ranged from 0.5% to 5.2% [2,11,14]. This suggests
inadequate anesthetic safety for pediatric anesthesia in our
study. Indeed, most of the anesthesia cases were performed by
non-physician anesthetists, and monitoring was insufficient. The
lack of monitoring has been reported in sub-Saharan African
countries [7,12,15].

Respiratory events were the most common critical events
during the induction period, whereas cardiovascular events were
more frequent during the anesthetic maintenance period. These
results were in line with those reported in the literature
[2,6,11,16]. Respiratory events were mostly related to airway
control, including ventilation and intubation, awareness,
recovery of spontaneous ventilation, and the extubation
process.

Delayed awakening was the most common incident during the
emergence phase, with an incidence rate of 10.5%. This incident
is frequent in low-resource countries, with an incidence ranging
from 1.3% to 15.5% [4,6]. It's high frequency could be attributed
to the pharmacology of anesthetic drugs used in these
countries, as well as other adverse events like hypothermia and
hypotension, which increased the risk of delayed recovery [17].
Halothane, isoflurane, and fentanyl were the most commonly
used anesthetic drugs for maintenance in these countries
[4-6,12,15].
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These drugs have the worst hemodynamic adverse effects and
slower elimination [18,19].

The anesthetic management in our study resulted in a high
mortality rate. All deaths occurred during the postoperative
period. This high mortality results from difficulties in surgical
management, anesthesia, and pediatric resuscitation. In low-
resource countries, many challenges have been identified: The
insufficiency of anesthesiologists, particularly those specialized
in pediatric anesthesia; the scarcity of centers specializing in
pediatric surgery; the difficulties in accessing consumables and
medicines; and the low income of patients [15,20,21].

The morbidity factors identified in our study were similar to
those reported previously [5,22-25]. Furthermore, in our study,
the absence of an anesthesia-attending physician was found to
be a perioperative morbidity factor. A similar result was
reported by N'guessan YF [26].

Our results suggest that pediatric anesthesia needs to be
improved by training specialized anesthetists, especially
anesthesiologists; creating specialized centers for pediatric
surgery and pediatric intensive care units; improving the
technical platform; and ensuring the availability of the safest
medicines.

Limits of Our Study

There are some limitations to this study:

e This was a monocentric study whose results could differ from
other centers. Thus, extension to all pediatric surgical centers
could be limited.

e The short study period did not allow meeting all known critical
incidents.

Conclusion

Pediatric anesthesia involves patients with ASA classes 1 and 2
in most cases. The incidence of critical incidents is high.
Respiratory incidents predominated during the induction period,
and cardiovascular incidents were most common during the
maintenance period. Age less than two years, emergency
surgery, ASA class 3 and above, and the absence of
anesthesiologists are the main morbidity factors. Improvements
in anesthesia and intensive care staff training, anesthetic
equipment, consumables, and drugs would reduce morbidity and
mortality.
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