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The study aimed to assess the incidence and risk factors of anesthetic complications in children in Kinshasa to

inform strategies for improving perioperative safety. The findings provide an evidence base to guide health policy

Abstract

Introduction

Pediatric anesthesia poses unique challenges due to the
physiological and anatomical characteristics of children.
In low-resource settings such as the Democratic Republic
of Congo, the risk of anesthetic complications remains
high, significantly affecting postoperative morbidity and
mortality. This study aimed to assess the incidence and
risk factors of anesthetic complications in children in
Kinshasa to inform strategies for improving perioperative

safety.

Methods

A retrospective cohort study included 394 children aged
0 to 15 years who underwent surgical procedures under
general or regional anesthesia in four hospitals in Kin-

shasa between June and December 2024. Demographic,

clinical, and anesthetic data, as well as perioperative
complications, were collected. Statistical analyses were
performed to identify factors associated with complica-
tions, with significance set at p < 0.05.

Results

The overall incidence of anesthetic complications was
28.4%, predominantly respiratory (14.5%) and cardiac
(13.7%). Thirty-day mortality was 10.4%, with a notably
higher rate among neonates (32.1% of deaths). Independ-
ent risk factors included ASA score > 3, emergency sur-
gery, prolonged operative duration, and reoperations.
Conclusion

Pediatric anesthetic morbidity and mortality in Kinshasa
remain substantial. Enhancing specialized training, im-
proving resources, and implementing standardized proto-

cols are critical to improving perioperative safety. This
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findings provide an evidence base to guide health policy
and targeted interventions.
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Introduction

Pediatric anesthesia represents a highly specialized field
of medical practice due to the anatomical, physiological,
and pharmacological characteristics unique to children.
The small airway diameter, relatively large head and
tongue, limited oxygen reserve, and high metabolic de-
mand predispose children to rapid desaturation in the
event of obstruction or apnea. In addition to these ana-
tomical features, immaturity of the autonomic nervous
system, variable pharmacokinetics of anesthetic agents,
and heightened sensitivity to hemodynamic fluctuations
render anesthetic management in children more delicate
than in adults [1,2].

In high-income countries, decades of technological and
organizational advancements have significantly reduced
anesthetic morbidity and mortality. The introduction of
modern monitoring equipment (pulse oximetry, capno-
graphy, automated surveillance), the development of pe-
diatric-specific drugs, the specialization of pediatric an-
esthesia, and the implementation of standardized proto-
cols explain this improvement. The multicenter European
APRICOT study, conducted across 33 countries and in-
cluding over 30,000 children, reported a 5.2% incidence
of severe perioperative events, predominantly respira-
tory, with a mortality rate below 0.5% [3]. These excep-
tionally low figures reflect the effectiveness of safety
strategies in well-resourced settings.

In contrast, the situation in sub-Saharan Africa remains
concerning. A shortage of trained anesthesiologists, lack
of essential equipment (pulse oximeters, ventilators, sy-
ringe pumps), limited availability of pediatric medica-
tions, and the absence of appropriately equipped inten-

sive care units contribute to a persistently high incidence

of complications [4,5]. Local studies highlight alarming
rates : in Cameroon, Amengle et al. reported a 33.1% in-
cidence of pediatric anesthetic complications, with a
mortality of 7.9% [6]; in Togo, Koudouvo et al. observed
complications in 12% of cases, some life-threatening [7].
These results stand in stark contrast to industrialized
countries, where anesthesia-related pediatric mortality is
now exceedingly rare.

In the Democratic Republic of Congo (DRC), available
data are outdated and indicate significant challenges. In
Kinshasa, a study published over ten years ago reported
a pediatric anesthetic mortality of 14% [8] ; in Lubumba-
shi, Kanda et al. reported a rate as high as 19.8% [9].
These figures, far above international standards, reflect
structural and organizational constraints within which an-
esthetic care is delivered. Since then, initiatives have
been undertaken, including the development of univer-
sity-level training in anesthesia and critical care, interna-
tional cooperation programs, and gradual strengthening
of technical facilities [10]. However, the actual impact of
these measures on pediatric anesthetic safety has not yet
been systematically documented.

Given this context, updated data are required to evaluate
changes in pediatric anesthetic care in the Congolese cap-
ital. This study aimed to determine the incidence of anes-
thetic complications in pediatric surgery in Kinshasa, de-
scribe their main characteristics, and identify associated
risk factors. An additional objective was to compare these
findings with African and international data to inform
strategies to improve anesthetic safety for children in the

DRC.

Methods

Study design

This was a retrospective (historical) cohort study de-
signed to evaluate the epidemiology of anesthetic com-
plications in children aged 0 to 15 years undergoing gen-
eral or regional anesthesia for surgical or diagnostic pro-

cedures, whether urgent or elective. Patients were
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followed from anesthetic induction until hospital dis-
charge or up to 30 days postoperatively.

Study setting

The study was conducted in four hospitals in the city-
province of Kinshasa: The University Clinics of Kin-
shasa, Monkole Hospital Center, Biamba Marie
Mutombo Hospital, and Kalembelembe Pediatric Hospi-
tal, between June 1 and December 31, 2024. These hos-
pitals were selected based on functional operating thea-
ters supervised by at least one resident and one anesthe-
siologist, and their agreement to participate. Data were
extracted from hospital registers, anesthetic monitoring
sheets, and medical records.

Participants

Inclusion criteria were children aged 0—15 years who un-
derwent general or regional anesthesia for surgical or di-
agnostic procedures in the selected hospitals, with com-
plete follow-up until discharge or 30 days postopera-
tively. Exclusion criteria were incomplete records and lo-
cal anesthesia alone. All eligible patients were consecu-
tively included. Patients were grouped according to the
presence or absence of anesthetic complications. Follow-
up was performed retrospectively from induction until
discharge or 30 days postoperatively.

Variables

Collected variables included:

e Sociodemographic: age, sex, weight.

e Preoperative: surgical indication, urgency, surgical
specialty, ASA score, laboratory results (CBC, elec-
trolytes, urea, creatinine).

e Perioperative: anesthesia type, anesthetic agents,
ease of intubation, monitoring, duration of anesthe-
sia, qualifications of anesthesiologist and surgeon.

e Postoperative outcomes: perioperative complica-

tions, vital status at day 1, day 3, and day 30.

Operational definitions were established for key events:

difficult  intubation, laryngospasm, bradycardia,
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desaturation, hypo-/hypertension, delayed emergence,
and respiratory depression.

Data sources and measurement

Data were collected from hospital registers, medical rec-
ords, preanesthetic evaluation forms, and anesthetic mon-
itoring sheets. Collectors were trained by the principal in-
vestigator. A two-step quality control ensured complete-
ness and consistency. Missing or aberrant values were
corrected or excluded.

Bias

Selection bias was minimized by consecutive inclusion
of all eligible patients during the study period. Infor-
mation bias was reduced using standardized forms and
cross-checking. Confounding variables were addressed
in multivariate analysis.

Sample size

The minimum sample size was calculated using Keyes’
formula with p = 33.1% (estimated prevalence of compli-
cations), q = 66.9%, Z = 1.96, and o = 0.05, yielding n =
340. A total of 394 children were included.
Quantitative variables

Continuous variables (age, weight, anesthesia duration)
were analyzed as mean + SD or median (IQR), depending
on distribution. Analytical categories were defined based
on clinical relevance.

Statistical methods

Categorical variables are presented as frequencies and
percentages, continuous variables as mean = SD or me-
dian (IQR). Frequency comparisons used Chi-square or
Fisher’s exact test; continuous variables were compared
using Student’s t-test or ANOVA. Factors associated
with complications were identified using multivariate lo-
gistic regression including variables significant in uni-
variate analysis. Results are expressed as adjusted odds
ratios (aOR) with 95% confidence intervals. Missing data
were handled via complete-case analysis. Significance

was set at p < 0.05.
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Results

Distribution of patients by hospital and age group
The distribution of pediatric patients across hospitals and
age groups revealed notable differences in both volume
and demographic structure. The University Clinics of
Kinshasa (CUK) recorded the highest total number of pa-
tients, with 143 children: 27 neonates, 39 infants, 18
young children, and 59 older children/adolescents.
Kalembelembe Pediatric Hospital (HPKL) followed with
123 patients : 25 neonates, 57 infants, 19 young children,
and 22 older children/adolescents. Monkole Hospital
Center (CH Monkole) accounted for 91 patients : 1 neo-
nate, 32 infants, 14 young children, and 44 older chil-
dren/adolescents. Finally, Biamba Marie Mutombo Hos-
pital (HBMM) had the lowest volume, with 37 patients :
9 neonates, 6 infants, 5 young children, and 17 older chil-
dren/adolescents. This distribution highlights the pediat-

ric admission structure in each institution (Figure 1).

Distribution of Patients by Age Group within Each Hospital

Figure 1. Distribution of Pediatric Patients by Age Group across Four
Hospitals.

Socio-demographic characteristics

Analysis by age and sex revealed a male predominance
among infants (21.32%) and older children/adolescents
(19.29%). Young females were the least represented
(4.82%). Mean weight increased with age, from 3.35 kg
in male neonates to 39.35 kg in adolescent females.
Among older children/adolescents, girls had a slightly
higher mean weight than boys (39.35 kg vs. 36.33 kg),
while in other age groups, boys had similar or slightly
higher weights than girls (Table 1).

Female 66 16.75% 39.35
Male 76 19.29% 36.33
Female 50 12.69% 10.36
Male 84 21.32% 11.04
Female 33 8.38% 3.38
Male 29 7.36% 3.35
Female 19 4.82% 16.16
Male 37 9.39% 16.68

Table 1. Socio-demographic characteristics of the study population.
This table presents the distribution of participants by age group and sex,
including the number of individuals (Count), their percentage of the to-
tal sample (Percentage), and the average weight in kilograms (Average
Weight). Age groups are defined as follows: Neonate (birth to 28 days),
Infant (1-12 months), Young Child (1-5 years), and OCA/Older
Child/Adolescent (10-15 years).

Preoperative biological characteristics

Preoperative laboratory values varied across age groups.
Mean creatinine was highest in neonates (0.97 mg/dL),
though not statistically significant (p = 0.1).

White blood cell counts differed significantly (p < 0.01),
with the highest mean in young children (9635/mm?).
Blood glucose did not vary significantly (p = 0.19).
Hemoglobin levels differed markedly (p <0.001), highest
in neonates (14.6 g/dL) and lowest in infants (10.9 g/dL).
Lymphocyte and neutrophil percentages also varied sig-
nificantly (p = 0.033 and p = 0.031, respectively), with
higher lymphocyte counts in infants and young children,
and peak neutrophil percentages in neonates.

Blood urea levels showed no significant difference (p =

0.087), although young children had the lowest mean
(Table 2).
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0.660 0.350 0.967 0.390
0.428 0.100 0.404 0
8153 9002 8756 9635
5144 4194 3111 6311
131 107 110 112
24.8 17.4 19.8 36.7
12.5 10.9 14.6 11.1
9.62 1.71 1.90 1.33
36.0 43.6 31.1 43.6
16.8 19.9 18.1 12.7
54.8 47.8 62.1 44.6
18.8 233 16.2 12.4
31.3 53.7 459 4.64
28.0 46.6 17.8 0
14 201 41 309
0.1 <0.01 0.19 <0.001

Table 2. Preoperative Biological Characteristics. OCA = Older
Child/Adolescent, Creat = Creatinine, Mean = Average value, SD =
Standard Deviation (measure of variability), WBC = White Blood
Cells, Glucose = Blood sugar level, Hb = Hemoglobin, Lymph = Lym-
phocytes (type of white blood cell), Neut = Neutrophils (type of white
blood cell), Urea = Urea (blood waste product), n = Number of sam-
ples, p = p-value (statistical significance)

Preoperative anesthetic characteristics

Most neonates and infants were classified as ASA 1
(~53%) or ASA TII (40.3% and 27.6%), indicating a con-
siderable proportion with severe conditions. Young chil-
dren were mostly ASA 1 (78.6%), reflecting better gen-
eral health. Older children/adolescents had a notable pro-
portion of ASA III (29.6%). Emergency surgery was
most common among neonates (67.7%), whereas infants
and young children underwent mainly elective proce-
dures (65.7% and 85.7%). General/digestive surgery pre-
dominated across age groups, especially in neonates
(46.8%) and older children/adolescents (54.2%). Malfor-
mation-related surgeries were frequent in neonates
(46.8%) but rare in other groups. Ent, ophthalmologic,
orthopedic, plastic, and urologic procedures were more
common in young children and older children/adoles-
cents. Main indications included congenital malfor-

mations in neonates (laparoscisis 19.4%, spina bifida

17.7%), acute intestinal obstruction (17.9%) and
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retinoblastoma (16.4%) in infants, adenoidectomy and
genu valgum in young children, and digestive perfora-
tions and appendicitis in older children/adolescents (Ta-

ble 3).

1 53.2% 53.7% 78.6% 61.3%
1T 6.5% 16.4% 10.7% 6.3%
1 40.3% 27.6% 10.7% 29.6%
v - 2.2% - 2.8%
Elective 32.3% 65.7% 85.7% 57.7%
Emer- 67.7% 34.3% 14.3% 42.3%
gency
DigGen 46.8% 50.0% 19.6% 54.2%
Ent 1.6% 2.2% 16.1% 4.9%
Ophtha 1.6% 16.4% 1.8% 2.8%
Ortho - 11.2% 19.6% 19.0%
Plast 1.6% 6.7% 16.1% 1.4%
Uro - 8.2% 19.6% 12.7%
Mal- 46.8% 2.2% 1.8%
form
Neuro - 2.2% 1.8% 4.2%
Others Maxill(1.6%) Imag(0.7%) Tho- Gyn(0.7%)
rac(3.6%)
Topl Laparo- AIO(17.9%) Ade- Adp(11.3%)
sch(19.4%) noid(7.1%)
Top2 Spina- Re- Knock- Udt(5.6%)
Bif(17.7%) tino(16.4%) knee(7.1%)
Top3 Adp(12.9%) Phimo- Hydro- Mul-
5is(6.0%) cele(5%) tiapp(10%)

Table 3. Preoperative Anesthetic Characteristics. OCA = Older Child
& Adolescent; ASA (I-IV) = American Society of Anesthesiologists
classification of health status (I = healthy, IV = very ill); Surg.nature
= type of surgery (Elective = scheduled, Emergency = urgent);
Surg.type = surgery type: DigGen = digestive/general, Ent =ENT (ear,
nose, throat), Ophtha = ophthalmologic, Orthe = orthopedic, Plast =
plastic/aesthetic, Uro = urological, Malform = malformation surgery,
Neuro = neurosurgery, Others = other types (Maxill = maxillofacial,
Imag = imaging, Thorac = thoracic, Gyn = gynecology); AIO = main
indications: Laparosch = laparoschisis, AIO = acute intestinal obstruc-
tion, Adp = acute digestive perforation, SpinaBif = spina bifida, Retino
= retinoblastoma, Udt = undescended testicle, Multiapp = multiple ap-
pendicitis.

Intraoperative anesthetic characteristics

Patients were categorized into neonates, infants, and
older children/adolescents (OCA). In OCA, techniques
included general anesthesia (GA) with endotracheal intu-
bation (4 cases), laryngeal mask airway (LMA, 2 cases),

and one iliofascial block with sedation. Agents used
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included ketamine, propofol, sevoflurane, and their com-
binations. Infants underwent GA with LM, GA with fa-
cial mask (FM), or spinal anesthesia (SA) with sedation,
using propofol-ketamine, sevoflurane, and no agents for
SA/sedation. Neonates underwent two GA cases, one
with endotracheal intubation and one with LM, using
propofol and sevoflurane combinations. Intraoperative
monitoring was performed in all cases, with anesthesia
duration ranging from 30 to 170 minutes. Anesthesiolo-
gist and surgeon qualifications included both specialists

and senior trainees (Table 4).

GA +  Ketamine Yes 70 St St 1
OTIL

Block/Se  None Yes 35 Spec St 1
d

GA +  Propofol Yes 35 Spec Spec 2
LM

GA +  Sevoflu- Yes 150 Spec Spec 1
OTIL rane

GA +  Prop+Sev Yes 170 Spec Spec 1
OTIL [

GA +  PropoKet Yes 30 Spec Spec 1
LM

GA +  Sevoflu- Yes 45 Spec Spec 1
FM rane

SA/Sed None Yes 65 Spec Spec 1
GA +  Prop+Sev Yes 170 Spec Spec 1
OTIL [

GA +  Prop+Sev Yes 30 St St 1
LM o

Table 4. Intraoperative Anesthetic Characteristics. Anes Type: GA =
General Anesthesia, OTI = Orotracheal Intubation, LM = Laryngeal
Mask, FS = Face Mask, SA = Spinal Anesthesia, Sed = Sedation, Bloc
= Nerve Block | Agent: Propo = Propofol, Ket = Ketamine, Sevo =
Sevoflurane, PropoKét = Propofol + Ketamine, RAS = None | Monitor:
Yes = Monitoring Present | Dur: Duration (min) | Anes Qual: St = Sen-
ior Trainee, Spec = Specialist | Surg Qual: St = Senior Trainee, Spec =
Specialist | Cases: Number of Cases

Distribution of complications

Overall complication prevalence

The prevalence of complications was high and compara-
ble in older children/adolescents, infants, and neonates,
with 163, 157, and 152 cases respectively. Young chil-

dren had a significantly lower number of complications

(62), suggesting reduced incidence in this group (Figure
2).

Four age categories
I Older Child and Ado
I Infant
I Neonate
e Young Child

Figure 2. Overall distribution of complications by age groups. This pie
chart illustrates the proportion of complications across four age catego-
ries: Neonate, Infant, Young Child, and OCA (Older Child and Adoles-
cent). Neonate, Infant, and OCA groups show similar shares of compli-
cations, while the Young Child group accounts for a smaller proportion.
Frequency of complications

Sixteen types of complications were analyzed, including
neurological, cardiac, respiratory, hematological, renal,
infectious, oncological, and various intra- and postopera-
tive incidents. The most frequent category was inci-
dents/accidents (112 cases), followed by intraoperative
incidents (100 cases), infectious complications and sepsis
(69 each).

Maintenance-related incidents occurred 63 times, while
intraoperative respiratory and cardiac complications ac-
counted for 57 and 54 cases, respectively. Intraoperative
neurological complications occurred 45 times, other in-
traoperative complications 33 times, and induction inci-
dents 29 times.

Rare complications included oncological (13), hemato-
logical (9), respiratory (7), neurological (3), renal (2), and

cardiac (1) cases (Figure 3).
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Figure 3. Frequency of anesthesic complications. The chart shows the
number of cases for various complications, with incidents and periop-
erative incidents being the most common, followed by infections and
sepsis. Other complications occur less frequently.

Age distribution by 30-day outcome

Age group distribution differed notably between survi-
vors and patients deceased at day 30. Older children/ad-
olescents and infants represented over 70% of survivors,
while neonates were underrepresented. Conversely, neo-
nates accounted for 32.1% of deaths, with lower propor-
tions among older children/adolescents and infants, high-
lighting the strong age-related variation in 30-day out-

comes (Figure 4)

Distribution of age groups by Day-30 outcome

0.8

°
o

Proportion

°
b

0.2

0.0
0

1

Outcome at Day 30 by age groups

Figure 4. Differences in age group distribution according to 30-day out-
come. This figure shows the proportional distribution of four age cate-
gories (Older Child and Adolescent, Infant, Neonate, Young Child) ac-
cording to 30-day outcomes (0 = survivors, 1 = deaths). The proportions
of age groups differ notably between survivors and deceased patients,
with an overrepresentation of neonates among deaths and a predomi-
nance of older children/adolescents and infants among survivors.
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Discussion

This multicenter study in Kinshasa revealed a high inci-
dence of anesthetic complications in pediatric surgery
(28.4%) and a 30-day mortality rate of 10.4%. These rates
remain considerably higher than those reported in high-
income countries, yet reflect improvement compared to
previous Congolese data, which reported pediatric anes-
thetic mortality of 14% in Kinshasa [8] and 19.8% in Lu-
bumbashi [9].

In industrialized countries, advanced monitoring, pediat-
ric anesthesia specialization, and standardized protocols
have reduced morbidity and mortality to very low levels
[1-3]. The APRICOT study reported only a 5.2% inci-
dence of severe events and mortality below 0.5% [3].
Conversely, sub-Saharan Africa continues to face short-
ages in trained personnel, essential equipment, and pedi-
atric-appropriate medications [4,5]. These constraints ex-
plain the high complication rates reported regionally,
e.g., 33.1% in Cameroon [6] and 12% in Togo [7]. Our
results, intermediate between African data and interna-
tional standards, confirm this persistent disparity.
Identified risk factors — ASA score > 3, emergency sur-
gery, prolonged operative time, and reoperations — align
with international literature. The POCA registry demon-
strated that urgency, severe pathology, and intraoperative
anomalies significantly increased the risk of cardiac ar-
rest in children [11]. Comorbidities such as obesity have
also been associated with higher rates of perioperative
complications [12].

Respiratory complications, the most frequent in our se-
ries, are consistent with APRICOT and African studies
[3,6-9], underscoring the need for appropriate monitor-
ing. Despite recent improvements in the DRC [10], a sub-
stantial gap remains compared to high-income countries,
where pediatric anesthesia-related mortality is now ex-
ceptional [13].

These disparities are linked to inadequate specialized
training, insufficient pediatric ICU infrastructure, and

limited technical resources [14,15]. Systematic reviews
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confirm that perioperative and anesthetic mortality re-
mains significantly higher in low-resource settings [16].

Potential solutions exist. WHO’s Safe Surgery Saves
Lives program emphasizes standardized protocols and
checklists to reduce surgical and anesthetic morbidity and
mortality [17]. Strengthening local anesthesia capacities
in low-and middle-income countries has demonstrated
positive impacts on care quality and safety [18]. Further-
more, studies highlight the need to reorganize anesthesia
services in resource-limited settings, emphasizing tar-
geted investments to ensure minimum safety standards
[19,20]. Such measures are essential to gradually close
the gap with international standards and enhance pediat-
ric anesthetic safety in the DRC.

Limitations

This study has several limitations. Its retrospective de-
sign introduces information bias due to the quality and
completeness of medical records. The absence of strict
standardization of anesthetic protocols across participat-
ing hospitals may have introduced uncontrolled variabil-
ity. Minor complications may have been underreported
due to incomplete documentation. These biases, if pre-
sent, would likely underestimate the true incidence of
complications. However, the large sample size and mul-

ticenter design strengthen the robustness of the findings.

Conclusion

Pediatric anesthesia in Kinshasa continues to be associ-
ated with significant morbidity and mortality, despite im-
provements over previous decades. Emergency surgery,
ASA score > 3, prolonged operative duration, and reoper-
ations are key predictors of complications and mortality.
Efforts must focus on strengthening human and material
resources and implementing standardized, child-adapted
protocols to improve anesthetic safety.
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