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Abstract: Background: Anesthesia-related mortality refers to death resulting from the 

complications of anesthesia or death due to at least one anesthesia-related complication 
happening as a cause among the multiple causes of death. The aim of this study was to 
evaluate the incidence and causes of anesthesia-related mortality in pediatric patients, as 

experienced by a surgeon.  Materials and Methods: This was a retrospective study of 
children aged 15 years and younger who died at the pediatric surgery unit of Enugu State 

University Teaching Hospital (ESUTH) Enugu, Nigeria following administration of 
anesthesia between January 2010 and December 2019. Results: A total of 31,210 pediatric 
anesthesias/surgeries were performed during the study period; out of which 78 mortalities 

occurred due to anesthesia. There was male predominance and the median age of the 
patients was 4 years with a range of 1 week to 12 years. Mortality occurred more in 

neonates and during emergency surgeries. Airway complications and intussusception were 
the most common etiology of mortality and pathology in the children respectively. About 
two-thirds of the deaths occurred in the operating room before commencement of the 

surgery. Conclusion: Anesthesia-related deaths in children in middle income country like 
Nigeria are higher than what is obtainable in developed countries. The risk factors for 

anesthesia-related mortality include male gender, neonates and emergency surgeries. 
Airway problem is a common cause of mortality. 
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I. Introduction 

 

 Anesthesia-related mortality refers to death resulting from the complications of 
anesthesia or death due to at least one anesthesia-related complication happening as a 
cause among the multiple causes of death [1]. Such complications include pulmonary, 

cardiac, central nervous system complications, failed or difficult intubation, overdose or 
adverse effect of anesthetic drugs [1]. Tudjegbe et al defined anesthetic death as the death 

of a patient who has had an anesthetic, within 24 hours of the procedure [2]. However, it is 
important to note that there is no consensus in the literature regarding the definition of 
anesthesia-related mortality [3]. Attributing death to anesthesia is difficult and is often 

subjective [4]. The Australian and New Zealand College of Anesthetists Mortality 
Committee classified anesthesia-related mortality into 3 categories: Category 1: Cases in 

which it is reasonably certain that death was caused by anesthesia or other factors under 
the control of the anesthetist. Category 2 is used when there is some doubt as to whether 
death was entirely attributable to the anesthesia or other factors under the control of the 

anesthetist. Category 3 applies when death was caused by both surgical and anesthetic 
factors [5]. Insight into the contribution of anesthesia to peri-operative mortality is 

important to both the anesthetists and surgeons. Data from anesthesia-related mortality will 
enable further improvements in the safety and quality of peri-operative care [6]. Evaluation 
of anesthesia-related mortality provides knowledge on the quality of anesthetic 

management, allowing preventive measures to be instituted [6]. Analysis of anesthesia-
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related mortality helps to determine which children are at higher risk and guide planning to 

improve safety of the children [1]. The aim of this study was to evaluate the incidence and 
causes of anesthesia-related mortality in pediatric patients, as evaluated by a surgeon.   

  
II. Research Methods 

 

This was a retrospective study of children aged 15 years and younger who died at 

Enugu State University Teaching Hospital (ESUTH) Enugu, Nigeria following 
administration of anesthesia in theatre between January 2010 and December 2019. 

Children who died in the ward or in theatre before administration of anesthesia were 
excluded from the study. For the purposes of this study, children who died after 24 hours 
of surgery were also excluded. ESUTH is a tertiary hospital located in Enugu, South East 

Nigeria. The hospital serves the whole of Enugu State,  which according to the 2016 
estimates of the National Population Commission and Nigerian National Bureau of 

Statistics, has a population of about 4 million people and a population density of 
616.0/km2. The hospital also receives referrals from its neighboring states. Information 
was extracted from the case notes, operation notes, and operation register and admission-

discharge records. The information extracted included the age, gender, and pathology 
necessitating surgery, duration of symptoms before presentation, time interval between 

presentation and intervention, nature of the surgery (emergency/elective), possible 
anesthetic cause of death, operative procedure performed, and time 
(preoperative/postoperative) of mortality. Diagnosis of clinical death was based on the 

absence of respiratory efforts, no cardiac activity and dilated, fixed and non-reactive 
pupils. The follow-up period was 12 months. Ethical approval was obtained from the 
ethics and research committee of ESUTH and informed consent was obtained from the 

patients’ caregivers. Statistical Package for Social Science (SPSS) version 21 
(manufactured by IBM Corporation Chicago Illinois) was used for data entry and analysis.  

Data were expressed as percentages, median, mean, and range. 
 

III. Discussion 
 

3.1. Results 

a. Patients’ Demographics 

Eighty-three cases of pediatric anesthetic mortalities occurred during the study 
period but only 78 cases had complete case records and formed the basis of this report. A 
total of 31,210 pediatric anesthesia/surgeries were performed during the same period: This 

gives an anesthetic mortality rate of 0.25%. Details of the demographics are shown in 
Table 1. 

 
Table 1. Demographic Profile of the Patients (n=78) 

Gender 

            Male           58 (74.4%) 

            Female           20 (25.6%) 

Age range           1 week to 12 years (median 4 years) 
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Age groups 

                  Neonates (< 1 month)          41(52.6%) 

                  Infants (1-12 months)                           21 (26.9%) 

                  12 months to 11 years          16 (20.5%)  

Nature of the surgery 

            Emergency           61 (78.2%) 

            Elective           17 (21.8%) 

Mean interval from symptoms to presentation                2 to 10 days (median 7 days) 

Mean interval from presentation to surgery        2 days (1-3) 

 

b. Pathology Involved and Operative Procedure Performed (n=78) 

 
Table 2. The Different Pathologies that Necessitated Operative Treatment 

Pathology    Operative procedure  Number of patients (%) 

Intussusception    RHC with ITA  36 (46.2) 

Typhoid intestinal obstruction  Closure of perforation  27 (34.6) 

Neonatal intestinal obstruction   Resection and anastomosis  7 (8.9) 

Ruptured appendix     Abscess drainage   3 (3.8) 

Obstructed inguinal hernia    Herniotomy    2 (2.6) 

Adhesive intestinal obstruction  Adhesiolysis    2 (2.6) 

Ruptured spleen    Splenectomy    1 (1.3) 

RHC=Right hemicolectomy; ITA=Ileotransverse anastomosis 
 

c. Possible Anesthetic Cause of Death 

The cause of mortality is illustrated in Table  
 

Table 3. Causes of Mortality 

Causes of mortality    Number of patients (%) 

Airway complications     41 (52.6) 
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Respiratory complications    21 (26.9) 

Cardiac complications     11 (14.1) 

Adverse reaction to anesthetics    3 (3.8) 

Central nervous system complications   2 (2.6) 

 
d. Period (Preoperative/Postoperative) of Mortality 

Fifty-one (65.4%) patients died in theatre (before commencement of the surgery), 16 
(20.5%) children expired intra-op and 11 (14.1%) died post-op. 

 
3.2 Discussion 

Anesthesia-related mortality pertains to patients who died for whom anesthesia-

related factor was identified and who it was judged would not have died if he/she had not 
undergone the procedure [6]. These anesthetic factors could be preventable or non-

preventable [6]. Anesthesia is often regarded a high risk intervention: However, in the past 
2 decades, anesthesia-related mortality has decreased due to improvements in techniques 
and monitoring [7]. It is noteworthy to state that the definition of death in which anesthesia 

was the primary cause or a contributing cause varies widely among the investigators [4].  
In the present study, the anesthesia-related mortality rate recorded in the present 

study is at variance to the reports of other authors [3, 8]. Unlike in developing countries, 

there have significant decrease in the rate of anesthesia-related mortality in developed 
countries [9]. Dearth of facilities and low human development index seen in developing 

countries may account for the differences in the rates of anesthesia-related mortality [10]. 
This study recorded more deaths in males than females. This finding is consistent with the 
report of Li et al and Pascal et al [1, 11]. However, Argo et al found more anesthetic deaths 

in females [12]. The reason for the gender differences in anesthetic deaths is not known. 
The age range of children who had anesthesia-related mortality varies depending on the 

predominant pathology. For instance, intussusception is more likely to occur in infants. 
About half of the anesthesia-related mortality in the index study occurred in neonates. 
Disma et al also reported more mortality in neonates [12]. The reason for this may be 

because the fragile homeostasis of the neonate is adversely affected by the stress of 
surgery and anesthesia [14]. Emergency surgeries are fraught with complications and we 

found more anesthesia-related deaths in emergency surgeries. Other series also reported 
higher anesthesia-related mortalities on emergency cases [4, 15]. Full stomach, poor 
patients’ preparations and non-availability of experienced hands during emergency 

situations may explain the higher anesthesia-related deaths. Delayed presentation of the 
patients is evident in the mean 7-day lag period. Poverty and ignorance that is prevalent in 

low income countries may explain this delayed presentation. The mean interval of 2 days 
was the time required for the investigation, resuscitation and optimization of the patients 
before surgery.  

About one-half of the children who lost their lives following the administration of 
anesthesia had intussusception. One study from Tanzania also found significant mortality 

in children with intussusception [16]. Typhoid intestinal perforation was the second most 
common pathology in the patients. Typhoid fever, caused by gram-negative flagellated 
facultative anaerobic bacteria (Salmonella), is a common problem in developing countries 

due to lack of potable drinking water, poor hygiene and improper waste disposal [17]. 
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Inability to secure the airway, difficult or failed intubation, following administration 

of anesthetic drugs was the most common cause of mortality in the current study. One 
study from Brazil also reported airway management as a common cause of anesthetic-

related death in pediatric patients [4]. Airway problems encountered include complications 
of endotracheal intubation such as esophageal intubation or delays in intubation as seen in 
inexperienced anesthetists [12]. The most common of the endotracheal mishaps is 

unsuccessful intubation after muscle relaxant administration [18]. Other causes of airway 
problems are disconnection, dislodgement of the endotracheal tube, tube kinking, tube 

obstruction, bronchospasm, aspiration of vomitus and anatomic abnormalities [12]. The 
sequel of failed intubation is hypoxic-ischemic encephalopathy and brain death due to 
oxygen deficiency [19]. Side effect of anesthetic drugs such as malignant hyperthermia 

may also be a cause of anesthetic death in theatre [20].  
Majority of the patients in the current study died in theatre. Morray et al also 

reported higher mortality in the operating room [21]. 

 

IV. Conclusion 

 
Anesthesia-related deaths in children in low/middle income country like Nigeria are 

higher than what is obtainable in developed countries. The risk factors for anesthesia-

related mortality include male gender, neonates and emergency surgeries. Airway problem 
is a common cause of mortality. This data on anesthesia-related mortality may be useful in 
promulgating prevention strategies to reduce mortalities in children. 

 
Limitations of the Study 

1. Autopsy was not done because of parents/caregivers’ refusal. 
2. American Society of Anesthesiologist (ASA) physical status classification system was 
not done. 
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