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Abstract

Background: An observational study conducted previously to determine predictors of postoperative outcome in pediatric abdomi-
nal surgery, orthopedics and neurosurgery revealed that factors which influenced postoperative evolution were multiple. These 
included American Society of Anesthesiologists (ASA) score, transfusion, age, emergency surgery and surgery. 

Objectives: To describe outcomes in children aged between 1 and 3 years old included in the initial study.

Methods: Secondary analysis of the initial retrospective observational study in 594 patients with a mean age of 90.86 ± 71.80 
months. The study was approved by the Ethics Committee under the registration number 2017-CK-5-R1.

Results: There were 79 children with a mean age of 22.04 ± 7.15 months. The majority of the patients (36.71%) were American So-
ciety of Anesthesiologists (ASA) grade 3. There were 37 neurosurgical (46.83%), 34 abdominal surgical (43.04%) and 8 orthopedic 
patients (10.13%). 

The most common interventions were craniosynostosis in 16 patients (20.25%), intestinal resection in 13 patients (16.45%), 
intracerebral tumor resection in 7 patients (8.86%), neuroblastoma in 5 patients (6.30%), liver transplantation in 3 patients (3.79%) 
and renal transplantation in 2 patients (2.53%).

20 patients (25.32%) had intra-operative and or postoperative complications. 4 patients (5.06%) had re-operations. 2 patients 
(2.53%) had intra-operative broncho-laryngospasm. 3 (3.78%) patients had intra-operative hemorrhagic shock. 6 (7.59%) patients 
had cardio-circulatory failure. 4 (5.04%) had neurologic failure. 1.27% of the patients had postoperative hepatic failure (1 patient), 
postoperative multiple organ failure (1 patient), postoperative respiratory failure (1 patient), postoperative renal failure (1 patient). 
The most common postoperative infections were septicemia in 5 patients (6.33%), pulmonary sepsis in 3 patients (3.79%), abdomi-
nal sepsis in 1 patient (1.27%) and surgical wound sepsis in 1 patient (1.27%). 

46 patients (58.23%) had intra-operative transfusion.

The rate of in-hospital mortality was 2.53% (2 patients). 

Conclusion: 25% of the patients in this cohort had intra-operative and or postoperative complications. Outcome in surgical patients 
is multifactorial. Integrating goal directed therapies to optimize intra-operative patient management is one of the major keys to im-
prove postoperative outcome in surgical patients.
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Introduction

An observational study conducted earlier to determine predictors of postoperative outcome in non-cardiac surgical pediatric patients 
concluded that predictors of postoperative evolution were multiple [1]. These included American Society of Anesthesiologists (ASA) sta-
tus, transfusion, age, emergency surgery and surgery. Postoperative outcome in this observational trial was defined as intra-operative and 
postoperative complications (organ failure and sepsis), re-surgery, mortality, length of stay in the intensive care unit (LOSICU), length of 
stay in hospital (LOS), total length of stay in hospital, TLOS (LOSICU+LOS) and length of mechanical ventilation (LMV). 

Objective of the Study

The study presented in this article had the objective to describe these outcomes in children aged between one and three years old. 

Materials and Methods 

Description of intra-operative and postoperative outcomes in children between one and three years old included in the initial cohort 
of 594 patients aged 90.86 ± 71.80 months [1].

The study was declared to the CNIL, National Commission for Computer Science and Liberties on 21 February 2017 under the registra-
tion number 2028257 v0. The Ethics Committee of Necker approved the study on 21 March 2017 under the registration number 2017-CK-
5-R1. Patients were included retrospectively from 1 January 2014 to 17 May 2017.

Inclusion criteria were children aged between one and three years old.

Exclusion criteria were children aged less than one year and older than three years.

Statistics were analyzed with XLSTAT 2020.4.1. software.

Continuous variables were described in means ± standard deviation or medians with interquartile ranges. Categorial variables were 
described in proportions. 

Results

General characteristics are described in table 1.

Mean age in months ± standard deviation 22.04 ± 7.15
Abdominal surgery n (%) 34 (43.04)

Neurosurgery n (%) 37 (46.83)
Orthopedic surgery n (%) 8 (10.13)

Emergency n (%) 23 (29.11)
Patients with intra-operative and or postoperative complications n (%) 20 (25.32)

Re-operation n (%) 4 (5.06)
Intra-operative broncho-laryngospasm n (%) 2 (2.53)

Intra-operative hemorrhagic shock n (%) 3 (3.78)
Postoperative cardio-circulatory failure n (%) 6 (7.59)

Postoperative hepatic failure n (%) 1 (1.27)
Postoperative multiple organ failure n (%) 1 (1.27)

Postoperative neurologic failure n (%) 4 (5.06)
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There were 79 children with a mean age of 22.04 ± 7.15 months. The majority of the patients were American Society of Anesthesi-
ologists (ASA) 3 corresponding to 31 patients (36.71%) There were 37 neurosurgical (46.83%), 34 abdominal surgical (43.04%) and 8 
orthopedic patients (10.13%). 

23 patients (29.11%) were urgent interventions. 

Table 2 illustrates different surgical interventions.

Postoperative respiratory Failure n (%) 1 (1.27)
Postoperative renal Failure n (%) 1 (1.27)

Postoperative abdominal sepsis n (%) 1 (1.27)
Postoperative surgical wound sepsis n (%) 1 (1.27)

Postoperative pulmonary sepsis n (%) 3 (3.79)
Postoperative septicemia n (%) 5 (6.33)

In-hospital mortality n (%) 2 (2.53)
Transfusion n (%) 46 (58.23)

ASA 1 n (%) 11 (13.92)
ASA 2 n (%) 29 (36.71)
ASA 3 n (%) 31 (39.24)
ASA 4 n (%) 6 (7.59)
ASA 5 n (%) 2 (2.53)

Median LOSICU in days [interquartile range] 3 [2 - 7]
Median LOS in days [interquartile range] 4 [2 - 11]

Median TLOS in days [interquartile range] 7 [4 - 20]
Medain LMV in days [interquartile range] 0 [0 - 0.5]

Mean preoperative hemoglobin levels in g/dL ± standard deviation 11.66 ± 1.99
Mean postoperative hemoglobin levels in g/dL ± standard deviation 11.42 ± 1.95

Table 1: General characteristics. 
n = Number of patients.

Surgery Number of patients (%)
Esophageal Atresia 1 (1.27)

Intra-cerebral biospy 1 (1.27)
Frontal Cavernoma 1 (1.27)

Plaster/Corset 3 (3.79)
Decompressive craniectomy 1 (1.27)

Craniosynostosis 16 (20.25)
Ventriculostomy 1 (1.27)

Sub-dural hematoma drainage 1 (1.27)
Brain stem tumor resection 1 (1.27)

Limb tumor resection 3 (3.79)
Spinal cord tumor resection 2 (2.53)
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Gastroscopy 1 (1.27)
Vertebral Laminectomy/Arthrodesis 1 (1.27)

Exploratory laparotomy 1 (1.27)
Laparotomy for volvulus 1 (1.27)

Pulmonary lobectomy 1 (1.27)
Chiari’ s Malformation 2 (2.53)

Neuroblastoma 5 (6.30)
Nissen Gastrostomy 2 (2.53)

Polytrauma 1 (1.27)
Revascularisation/by-pass 1 (1.27)

Intracerebral tumor resection 7 (8.86)
Intestinal Resection 13 (16.45)

Intraventricular Stenting 1 (1.27)
Intracerebral genetic therapy for San Filipo syn-

drome
2 (2.53)

Liver Transplantation 3 (3.79)
Renal Transplantation 2 (2.53)

Hepatic tumor 2 (2.53)
Pelvic tumor 1 (1.27)

Sterno-cleido-mastoidian tenotomy 1 (1.27)

Table 2: Surgery.

The most common interventions were craniosynostosis in 16 patients (20.25%), intestinal resection in 13 patients (16.45%), intrace-
rebral tumor resection in 7 patients (8.86%), neuroblastoma in 5 patients (6.30%), liver transplantation in 3 patients (3.79%) and renal 
transplantation in 2 patients (2.53%).

20 patients (25.32%) had intra-operative and or postoperative complications. 4 patients (5.06%) had re-operations. 2 patients 
(2.53%) had intra-operative broncho-laryngospasm. 3 (3.78%) patients had intra-operative hemorrhagic shock. 6 (7.59%) patients had 
cardio-circulatory failure. 4 (5.04%) had neurologic failure. 1.27% of the patients had postoperative hepatic failure (1 patient), postop-
erative multiple organ failure (1 patient), postoperative respiratory failure (1 patient), postoperative renal failure (1 patient). The most 
common postoperative infections were septicemia in 5 patients (6.33%), pulmonary sepsis in 3 patients (3.79%), abdominal sepsis in 1 
patient (1.27%) and surgical wound sepsis in 1 patient (1.27%). The rate of in-hospital mortality was 2.53% (2 patients). Patients with 
fatal outcome had an American Society of Anesthesiologists (ASA) grade 5, were managed on an emergency basis, all were transfused, one 
had postoperative multi-organ failure with pulmonary sepsis and one had postoperative neurologic failure (Table 3).

Surgery
Age in 

months
ASA 

score Co-morbidities
Intra-operative 
complications

Postoperative 
outcome

Delay of 
in-hospital 
mortality 

in days

Emergency Transfusion

Ventriculos-
tomy 28 5 Polytrauma none

Multi-organ 
failure and 
pulmonary 

sepsis

17 Yes Yes

Intra-cere-
bral tumor 
resection

23 5 Intra-cerebral 
tumor

none Neurologic 
failure

4 Yes Yes

Table 3: Patients with fatal outcome.
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46 patients (58.23%) had intra-operative transfusion. Postoperative median length of intensive care unit stay (LOSICU) was 3 days [2 - 7], postoperative median length of hospital 
stay (LOS) was 4 days [2 - 11], postoperative median total length of hospital stay (TLOS = LOSICU+LOS) was 7 days [4 - 20] and postoperative length of non-invasive or invasive me-
chanical ventilation (LMV) was 0 days [0 - 0.5].

Table 4 illustrates different outcomes among surgical interventions.

Surgery Number 
of cases

Intra-
operative 

hemor-
rhagic 
shock

Intra-
oper-
ative 
bron-

cho-la-
ryngo-
spasm

Postop-
erative 
neuro-

logic 
failure

Postop-
erative 
respi-
ratory 
failure

Postop-
erative 
cardio-
circu-
latory 
failure

Postop-
erative 
renal 

failure

Postop-
erative 
hepatic 
failure

Postop-
erative 

mul-
tiple 

organ 
failure

Postop-
erative 

ab-
domi-

nal 
sepsis

Postop-
erative 
septi-
cemia

Postop-
erative 
pulmo-

nary 
sepsis

Postop-
erative 
surgi-

cal 
wound 
sepsis

In-
hos-
pital 
mor-
tality

Re-
oper-
ation

Trans-
fusion

Esophageal 
atresia

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Intracerebral 
biospy

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Frontal caver-
noma

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Plaster/Corset 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Decompressive 
craniectomy

1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1

Craniosynos-
tosis

16 0 1 0 0 0 0 0 0 0 0 0 0 0 0 11

Ventriculos-
tomy

1 0 0 0 0 0 0 0 1 0 0 1 0 1 1 1

Sub-dural 
hematoma 
drainage

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Brainstem 
tumor resection

1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1

Limb tumor 
resection

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Spinal cord 
tumor resection

2 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1

Gastroscopy 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1
Vertebral 

laminectomy/
arthrodesis

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Exploratory 
laprotomy

1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1

Laparotomy for 
volvulus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Pulmonary 
lobectomy

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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Chiari’s malfor-
mation

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Neuroblastoma 5 0 1 0 0 1 1 0 0 0 1 0 0 0 0 3

Nissen gastros-
tomy

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Polytrauma 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
Revascularisa-
tion/by-pass

1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1

Intra-cerebral 
tumor resection

7 0 0 1 0 0 0 0 0 0 0 0 0 1 1 6

Intestinal 
resection

13 0 0 1 0 0 0 0 0 1 0 0 0 0 1 2

Intraventricular 
stenting

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sterno-cleido-
mastoidian 
tenotomy

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Intra-cerebral 
genetic therapy 

for San Filipo 
syndrome

2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2

Liver tranplan-
tation

3 2 0 0 1 2 0 0 0 0 1 1 0 0 0 3

Renal trans-
plantation

2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1

Hepatic tumor 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2

Pelvic tumor 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1

Table 4: Outcomes per surgery.

Discussion

25% of the patients in this cohort had intra-operative and or postoperative complications.

The most common intra-operative complication was hemorrhagic shock which occurred in patients who underwent liver transplantation and 58% of the patients were transfused 
intra-operatively in this cohort which is not surprising since the most common surgical interventions were among those with a high risk of bleeding namely craniosynostosis, intra-
cerebral brain tumor resection and liver transplantation. These results emphasize the necessity to integrate transfusion protocols guided with point of care tests to manage intra-
operative blood products and optimize transfusion since these protocols are not yet available in our Hospital [2]. 

The most common postoperative organ failure was cardio-circulatory followed by neurologic and the most common postoperative infection was septicemia. The majority of these 
patients had high ASA scores (3 or more). According to a recent study in children less than 60 weeks of postmenstrual age, intra-operative and postoperative morbidity rates have been 
reported to be 35.3% and 16.3% respectively [3]. This implies the necessity of integrating intra-operative patient management goal directed therapies with the objective to improve 
postoperative outcome [4-11]. Goal directed fluid and hemodynamic therapy protocols (GDFHT) are not a routine practice in our Hospital. 
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In-hospital mortality rate was 2.53% and it concerned 2 patients, one trauma patient and one patient with intracerebral tumor re-
section. Mortality rate in trauma patients with brain injury has been reported to vary between 9 - 25% [12] and in children with brain 
tumors it has been reported to vary between 1.4 - 2.7% [13]. In-hospital mortality rate in this cohort concerns a general pediatric surgical 
population with various surgical interventions which all have in-hospital mortality rates which vary according to studies and that makes 
the comparison with other trials difficult [3].

Conclusion

25% of the patients in this cohort had intra-operative and or postoperative complications; outcome in surgical patients is multifacto-
rial. Intra-operative management optimization with goal directed therapies is one of the major keys to improve postoperative outcome 
in surgical patients.
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