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Abstract
Introduction: Mortality is a key criterion for quality and safety in surgery. Studies show the higher rate of
perioperative mortality in children compared with adults. The aim of present study was to determine the
mortality rate after surgery among pediatric population.

Methods: This retrospective study of perioperative mortality rate was performed in children younger than
18 years who operated at surgery unit of Dr. Sheikh pediatric tertiary hospital, Iran. Records of all cases of
pediatric surgery performed under anesthesia between March 2015 and March 2018 were reviewed.
Mortality rate at different time intervals after surgery, demographic characteristics and comorbidities of
patients, type and duration of surgery, the number of operations in each child, the time interval between
surgery and death, and the emergency level of surgery were recorded. Chi-square test was used for
analysis of results.

Results: Out of 5,5027 surgeries, 214 deaths were recorded, 78.6% of which occurred within one month
after surgery. Mortality rate per 10,000 surgeries in the �rst year was about 49, which dropped to 10 in the
third year. The mean value of mortality within 30-day post-surgery was 27.44 per 10000 procedures. The
highest mortality rate was observed in people under 3 years of age with 67.2% and in females with 52.8%.
Cardiac disease was at the top of comorbidities among dead patients. There was signi�cant relationship
between age and type of surgery with time interval between surgery and death.

Conclusion: Infant age group and type of surgery was the main predictor of perioperative mortality.

Introduction
In recent years, the proportion of organizations that monitor the performance of medical and surgical
procedures has increased signi�cantly compared to all organizations act in the �eld of health care
services. Increasing attention to medical errors, safety of medical interventions, and quality of
postoperative care have reduced the incidence of unfavorable events and deaths after medical and
surgical procedures (1).

Health indicators re�ect the level of health in the society and the mortality rate of children is one of the
most important health, cultural and economic indicators of any society that is considered in assessing
the health of the society. Child mortality is so signi�cant that one of the Millennium Development Goals
was de�ned as the reduction in less than 5-year child mortality by less than two-thirds between 1990 and
2015. The reason for choosing this index as a development index is the effect of various social and
economic factors in reducing or increasing it. Nearly 11 million children worldwide die each year before
the age of �ve, and these deaths occur mainly in low-income and middle-income countries, especially in
the deserts of Africa and South Asia (2).

Surgery is one of the most common treatments in many hospitals and also one of the most stressful
events that can happen in a child's life. Surgery can be scheduled or unplanned, small or large, invasive or
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non-invasive, and involves any part or system of the body (3). Access to surgical care has been classi�ed
as one of the eight most important interventions to improve welfare of poor people in the world. 30% of
the total diseases that lead to disability and death in the world could be treated with surgery. There is a
high gap between the population of children and the number of physicians in the world. Efforts to reduce
infant and child mortality rates have not paid much attention to children's surgical needs; therefore, the
difference between the population of children and the population of surgical providers trained in child
care is even greater (4). American College of Surgeons National Surgical Quality Improvement Program-
Pediatric (NSQIP-Pediatric) dataset has determined the approximate value of the 30-day perioperative
mortality as 0.3%. With more than 5 million surgeries performed annually in the United States on children
and infants, even a low mortality rate indicates that thousands of children are at risk of post-surgery
death each year (5).

Mortality is an objective and key indicator for assessing the quality and safety of surgery (6).
Perioperative mortality refers to death before discharge in patients who have undergone a surgical
procedure especially within 30 days of surgery (7, 8). Studies show a higher rate of perioperative mortality
in children compared with adults, which is also higher in neonates and infants among children of various
ages (6). Assessing the rate and pattern of postoperative mortality can help surgeons and
anesthesiologists to identify children who are at greater risk to prevent the death of these children or other
serious injuries by better planning, proper distribution of resources and right use of specialists (9, 10).

Since no study done in Iran to determine child mortality after surgery, this study was conducted to
determine the incidence of mortality especially within 30-day post-surgery in children.

Materials And Methods
This study was performed retrospectively using data from the electronic and archived medical records of
patients operated on at Dr. Sheikh Children's Hospital, a tertiary university reference center, in Iran. The
data were for three years from March 2015 to March 2018. Patients who were admitted to the surgery
ward but did not undergo surgery were excluded from the study. Children who died within the hospital
were categorized in to four groups according to mortality time after surgery including within 30 days,
during 1 to 6 months, during 6 to 12 months, and after 12 months of procedure. Mortality cases were
categorized into �ve groups according to age: neonates and infants up to 12 months of age, children at 1
to 3 years of age, children aged 3 to 6 years, children from 6 to 10 years of age and older children aged
10–18 year. The main outcome of study was perioperative mortality rate of children at various years,
following by deaths occurred within 30 days of surgical procedure. However, characteristics of patients,
type and duration of operation, number of procedure per patient, comorbidities, and emergency status of
the surgery were also recorded. Mortality rate was expressed per 10000 procedures. To describe other
data, descriptive statistics including percentage, frequency, and mean were used. Ethical committee of
Mashhad University of medical sciences has approved the study. The study protocol need no informed
consent, as patients were not the subject of any kind of actions but patient con�dentiality on personal
data protection was fully considered.
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Results
During the 3-year study period, 55,027 cases of surgery were recorded. Regardless of the time interval
between surgery and death, and with respect to the all cases of death, the mean value of mortality
incidence was 34.35 per 10000 surgeries. Table 1 shows the number of surgeries and mortality rates over
the years. Perioperative mortality mean within 30 days was 27.44 per 10000 procedures. Table 2
demonstrates mortality rates according to various factors. It shows that on average, 78.6% of deaths
occurred during the �rst 30 days after surgery, 15.6% of deaths were between 1 and 6 months after
surgery, and 5.7% of deaths occurred in time intervals higher than six months after surgery. The highest
rate of mortality (34.4%) observed in infants younger than 1 year. Children 1 to 3 years old also exhibited
nearly the same percent of deaths (32.8%) as infants. Averagely, 52.8% of deaths were belonged to the
females, however, studying the years separately showed that the mortality rate for boys in the �rst year of
study was higher. Most patients (78.4%) underwent surgery only once. The results showed that in the �rst
year of the study, 8.2% of patients who died had undergone surgery three times, which was 2.5% in the
second year and 0% in the third year. 35.8% of the dead patients had no comorbidities. The most
common form of comorbidity among dead patients was cardiac disease with 18.9%. Table 3 shows type
and emergency status of surgery. Accordingly, 22.7% of the deaths were related to ostomy surgery, while
17.9% of mortalities were associated with peritoneal dialysis (PD) catheter implantation. Laparotomy,
hernia and esophageal surgeries were other types of surgeries with most frequent death rate, respectively.
Over time, the number of deaths from ostomy surgery increased dramatically, from 19.2% in the �rst year
to 25.3% in the second year and 41.2% in the third year. The results showed that 73.7% of the surgeries
that resulted in death were not at emergency status. The minimum, maximum, mean and standard
deviations of the duration of surgery were 20, 300, 78 and 48.78 minutes, respectively.

In order to investigate the relationship between age, sex, emergency status of surgery, and type of surgery
with the time interval between surgery and death, the Chi Square test was used at a signi�cant level of
0.05. The analysis of the association between age and time interval between surgery and death showed a
p-value of 0.000 which indicates a signi�cant relationship. The p-value of the relationship between sex
with time interval between surgery and death was achieved 0.087 that was not signi�cant. According to
the p-value of 0.859 there was not ant signi�cant relationship between emergency status of the surgery
and time interval between surgeries to death. The p-value of the relationship between type of surgery and
time interval between surgery and death was 0.013 which indicates a signi�cant association.

Table 1
Comparison of perioperative mortality rates between different years

Years of study Total N of surgeries N of Deaths Mortality rate per 10000 surgery

2015–2016 20452 100 48.89

2016–2017 17920 79 44.08

2017–2018 16655 18 10.08
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Table 2
Perioperative mortality rates in 55027 surgeries according to demographic

characteristics

    N Valid%

Age (year) < 1 66 34.4

1–3 63 32.8

3–6 31 16.1

6–10 18 9.4

> 10 14 7.3

Sex Male 58 47.2

Female 65 52.8

surgeries per patient 1 152 78.4

2 32 16.5

3 10 5.2

comorbidities non 76 35.8

Cardiac disease 40 18.9

Congenital Diseases 10 4.7

Malignancy 13 6.1

Obstruction GI 20 9.4

Bed sore 1 .5

Obstruction Catheter 5 2.4

Hernia 3 1.4

Internal diseases 42 19.8

CP 2 .9

Interval of surgery to death Less than 30 days later 151 78.6

between 1–6 months 30 15.6

between 6–12 months 5 2.6

More than 12 months 6 3.1
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Table 3
Perioperative mortality rates in 55027 surgeries according to type, and emergency

status of surgery

  N Valid %

Type of surgery Ostomy 47 22.7

peritoneal dialysis (PD) catheter implantation 37 17.9

Laparotomy 30 14.5

hernia surgery 23 11.1

Esophageal surgeries 17 8.2

Antrectomy 13 6.3

excision of tumor 8 3.9

Other… 32 15.4

Emergency Yes 56 26.3

No 157 73.7

Discussion
This study was the �rst in Iran to assess the perioperative mortality of children. Perioperative mortality is
a vital tool for assessing the quality of care, safety of surgery and anesthesia provided to patients,
especially in low-income and poor countries where access of patients to quali�ed surgical and anesthetic
services is limited (7).

In the current study, 30-day perioperative mortality rate in a specialized pediatric hospital was 27.44 per
10000 procedures. In a study performed in Netherlands (6) on patients younger than 18 years old,
hospital mortality within 30-day post-surgery was 41.6 per 10000 procedures. According to a study in
Melbourne, Australia (10), 30-day hospital mortality was 34.5 per 10000 procedures. Differences in
mortality rates between different studies could be due to the variations in design and population of
various studies (11).

Analysis of results showed that age of patients had a signi�cant relationship with time interval between
surgery and death, so that most number of deaths especially in infants and children lower than 3 years
old, were happened within 30-day post-surgery. The study performed by Pignaton et al. (12), showed that
children younger than 1-year-old were the major risk of perioperative mortality. In a �ve-year study to
investigate the incidence and factors of perioperative cardiac arrest and mortality in a pediatric surgical
population, the age of less than 1 year was identi�ed as the main risk factor (13). According to the
results, sex of patients was not a major predictor for perioperative mortality. In a multicenter, cohort study
in low-income countries to measure 30-day postoperative mortality in children aged < 16 years, sex of



Page 7/9

patients was not determined as a predictor of mortality (14). In contrast to the present study, a signi�cant
relationship between female sex and perioperative mortality was found in a study conducted in Ghana
(15). In a study in California (16), individuals < 21 years old who had cardiac surgery were selected to
evaluate the role of gender in cardiovascular outcomes. Results showed that female sex was a risk factor
for mortality among children who underwent cardiac surgery. This result became more interesting when it
was clear that the proportion of neonates in females was less than males, and procedures that were used
for females had lower risk compared with males.

In the present study, the mortality rate decreased signi�cantly with age; so that the mortality rate in
children over 10 years of age was 4.7-fold lower than in children less than 1 year of age. In a study of
children under the age of 15 in Nigeria, the risk of death in children under the age of 1 was nine times
higher than in older children (7). Rising risk in this age group can be related to congenital anomalies and
sepsis (17). This may also be due to the immature status of immune systems in neonates and infants
(18).

The present study did not show a signi�cant relationship between postoperative mortality and emergency
surgical status, which contradicts the results of studies conducted in developing low-income countries.
Bharti et al. (13), and Bunchungmongkol et al. (19), expressed that patients whom surgery was at
emergent status had more risk of perioperative mortality compared with cases of elective surgery.

In present research, type of surgery was determined as an indicator of perioperative mortality. In a study
done at a Brazilian tertiary hospital (12) to evaluate the perioperative and anesthesia-related mortality
rates, surgery-related factors were determined as one of two major causes of mortality. Moreover, in the
Brazilian study (12), complications associated with cardiac surgery were among the most frequent
causes of deaths. Cardiac disease was the most frequent associate disease among the cases of
mortality according to the results of present research. According to Flick et al. (20), and Van der Griend et
al. (10), cardiac surgery leads to higher rates of perioperative mortality compared with non-cardiac
surgery.

Conclusion
The results showed a remarkable decrease in the number of perioperative mortality over time that may be
due to better monitoring and patient care. Children lower than 1 year and type of surgery were the main
indicators of perioperative mortality.
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