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INTRODUCTION

In pediatric patients admitted for surgery under anesthesia, 
morbimortality is related to multiple factors. Several 
morbimortality risk factors have been identified of 

which transfusion is one of the independent risk factors in 

studies concerning pediatric cardiac surgery and critical 
care patients.[1-3] This study was undertaken to determine 
whether transfusion is an independent morbimortality risk 
factor in abdominal surgical pediatric patients. The primary 
endpoint was to identify factors related to mortality and 
the secondary endpoint was to identify factors related to 
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morbidity in this pediatric population. Mortality (primary 
outcome) was assessed by deaths occurring intraoperatively 
or post-operatively until discharge from hospital. Morbidity 
(secondary outcome) was assessed by intraoperative and 
post-operative complications, repeat surgery, length of stay 
in the intensive care unit (LOSICU), length of stay in hospital 
(LOSHOSP), total LOSHOSP (intensive care and standard 
hospitalization ward, TLOSHOSP), and length of mechanical 
ventilation (LMV).

METHODS

After approval from the Ethics Committee of Necker–
Enfants Malades University Hospital, Paris, France, under 
the registration number 2017-CK-5-R1 on March 21, 2017 
(Chairperson Professor Mariane de Montalembert) and 
after declaration of this study to the National Commission 
of Liberties and Computer Science, Paris, France (CNIL, 
Commission Nationale des Libertés et de l’Informatique) 
under the registration number 2028257 v0 on February 
21, 2017 (Chairperson Mrs Isabelle Falque-Pierrotin), 
193 patients with a median age of 27.5 months (1.0–100.5) 
(first quartile-third quartile interval) were included in this 
study from our Hospital, Necker–Enfants Malades, Paris.

Inclusion criteria consisted of patients admitted for 
abdominal surgery and who received blood products 
(packed red blood cells [PRBCs] and/or fresh frozen 
plasma [FFP] and/or concentrated platelet units [CPUs]) in 
the intraoperative period (transfusion group,) and patients 
admitted for the same surgical specialty and who did not 
receive any blood transfusion during surgery or in the post-
operative period.

We first included the transfused patients and then patients 
who did not receive blood components, to include patients 
with the same surgical operations whenever possible. The 
local Transfusion Department (EFS, Etablissement Français 
de Sang, Hôpital Universitaire Necker Enfants Malades) 
provided a list of patients who had been transfused in the 
operation theater from January 1, 2014, to December 31, 
2016. There were 1500 transfused patients identified of 
which only 94 were finally retained for the study because of 
complete data and also to have the same number of patients 
with equivalent surgical operations as in the no transfusion 
group.

We used the operation theater programmation system 
to identify patients who did not receive blood products 
intraoperatively and post-operatively. We included 99 patients 
from 1 January 2014, to 17 May 2017 in the no transfusion 
group. Whenever possible, patients scheduled for similar 
interventions as in the transfused group were included. 
Medical records were analyzed using the computer medical 
report system (Orbis, Mediweb and Cristalnet).

Data collected consisted of intraoperative and post-operative 
mortality occurring during hospitalization regardless of 
TLOSHOSP (to assess primary outcome), intraoperative and 
post-operative complications which included organ failure 
and infections, repeat surgery, number of days spent in the 
intensive care unit and in the hospitalization ward, total 
number of days spent in hospital, and number of days spent 
under mechanical ventilation (to assess secondary outcome). 
Factors that could influence primary and secondary 
outcomes were collected: Age, prematurity, type of surgery, 
comorbidities, American Society of Anesthesiologists Score 
(ASA score), emergency surgery, number of units of blood 
products administered (PRBC units, FFP units, and CPU), 
pre-operative and post-operative hemoglobin, and platelet 
levels. The ASA score (I–V) is a scale used in anesthesia to 
assess patient severity physical status - ASA I: Normal healthy 
patient, ASA II: Patient with mild systemic disease, ASA III: 
Patient with severe systemic disease, ASA IV: Patient with 
severe systemic disease which is constantly threatening life, 
and ASA V: Moribund patient who is not expected to survive 
without surgery. Missing data concerning patient weight, 
intraoperative blood loss and fluid therapy with crystalloids 
and colloids, and coagulation analysis such as international 
normalized ratio, activated partial thromboplastin time, 
and fibrinogen blood levels which could influence blood 
transfusion were not taken into account since they were not 
always available. XLSTAT 2018.3 software was used for 
statistics. Statistical tests included Student’s test to compare 
parametrical variables, Chi-square, or Fischer’s exact test 
to compare category variables. Logistic and log-linear 
regressions were used for multivariate analysis. Variables are 
expressed in mean values with standard deviation (±SD) or 
in median values with the interquartile interval (q1–q3) or in 
proportions. We considered significant a P ≤ 0.05. We first 
identified risk factors with univariate analysis. Second, we 
proceeded with multivariate analysis with logistic and log-
linear regressions to access for predictive risk factors.[4]

Six risk factors were identified (ASA score, emergency surgery 
transfusion (units of blood products administered PRBC + FFP 
+ CUP), age, prematurity and type of surgery) and correlated 
to the number of deaths (mortality) during hospitalization, 
number of patients with intraoperative and post-operative 
complications (complications), repeat surgery, number of days 
spent in the intensive care unit (LOSICU), in the hospitalization 
ward (LOSHOSP), total number of days spent in hospital (ICU 
plus hospitalization ward, TLOSHOSP), and the number of 
days spent under mechanical ventilation (LMV). Hemoglobin 
and platelet levels were not taken into account for analysis 
since some of the data was not available.

RESULTS

In univariate analysis [Table 1], the number of patients with 
complications, repeat surgery, median LOSHOS, median 
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TLOSHOSP was significantly higher in the transfusion 
group. Age, the number of deaths, LOSICU, median LMV, 
ASA score status, and the number of emergency operations 
were not different between the two groups. There were 25 
premature patients in the no transfusion group, and there 
were no premature patients in the transfusion group. Table 2 
shows the type of surgery. In the transfusion group, the most 
common surgery was liver transplantation (19 cases over 
94 patients), followed by intestinal exeresis (14 patients) and 
neuroblastoma (13 patients). In the no transfusion group, the 
most common surgery was intestinal exeresis (23 patients 
of the 99) followed by esophageal atresia (14 patients) and 

by kidney transplantation (11 patients). Figure 1 illustrates 
the blood components administered in the transfusion group. 
Red blood cells were the most administered blood products 
(187 units of the 403 units) followed by FFP (158 units) and 
by platelets (58 units).

Hepatic transplantation and hepatic tumor patients were the 
most transfused patients with 12.36 ± 2.5 and 12.5 ± 6.73 
blood units per patient, respectively, followed by pelvic 
tumor patients with 6 ± 3.68 blood units per patient [Table 3]. 
Table 4 illustrates comorbidities, the most important 
comorbidity was taken into account when a patient had 
more than one comorbidities. In the transfusion group, the 
most common comorbidity was hepatic failure (25 cases), 
followed by cancer (12 patients). In the no transfusion group, 
the most common comorbidity was cancer (15 patients) 
followed by prematurity (13 patients), hemorrhagic diathesis 
(10 patients), and chronic kidney failure (10 patients).

Table 5 shows the number of complications in the two 
groups. There were significantly more complications in the 
transfused group. The most intraoperative complication in the 
transfusion group was hemorrhagic shock (13 patients), the 
most common post-operative organ failure complication was 
cardiocirculatory failure (15 patients), followed by respiratory 

Table 1: General characteristics in transfused and non‑transfused abdominal surgical patients
Characteristic Transfusion group (T) No transfusion group (NT) P value
Number of patients with complications 53 18 <0.0001

Number of repeat surgery 15 5 0.013

Number of deaths 3 1 0.3

Median length of stay in the intensive care unit in 
days (interquartile interval)

10.5 (5–22.5) 6 (2–20.5) 0.8

Median length of stay in hospital in 
days (interquartile interval)

23 (11.25–35.5) 5 (2–15.5) <0.0001

Median total length of stay in hospital in 
days (interquartile interval)

32.5 (18.25–61.75) 15 (15.5–27.5) <0.0001

Mechanical ventilation median length in 
days (interquartile interval)

1 (0–4) 0 (0–3) 0.32

Number of ASA I patients 3  3 0.84

Number of ASA II patients 29 35 0.84

Number of ASA III patients 43 49 0.84

Number of ASA IV patients 19 12 0.84

Number of ASA V patients 0 0 0.84

Median number of blood component units per 
patient (interquartile interval)

1 (1–4) 0 (0–0) <0.0001

Median age in months (interquartile interval) 36 (7–82) 14 (0–108) 0.7

Number of premature patients 0 25 <0.0001

Number of emergency operations 46 44 0.53

Total number of patients 94 99 1
ASA: American Society of Anesthesiologists

Figure 1: Distribution of blood products administered in 
abdominal surgical patients
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failure (9 patients), and the most common post-operative 
infection complication was pulmonary sepsis (27 patients) 
followed by abdominal sepsis (22 patients). After logistic 
regression, transfusion was the independent predictive risk 
factor for post-operative complications and an independent 
predictive risk factor for repeat surgery [Table 6]. Emergency 
surgery was an independent predictive risk factor for repeat 
surgery [Table 6]. There was no independent predictive risk 
factor found for mortality among the explanatory variables 
analyzed in this cohort [Table 6]. After log-linear regression 
[Table 7], transfusion, age, prematurity, emergency surgery, 
and ASA score were independent predictive risk factors for 
LOSICU and TLOSHOSP. Transfusion, age, emergency 
surgery, and ASA score were independent predictive risk 
factors for LMV [Table 7].

DISCUSSION

Our study has shown that in this pediatric retrospective 
cohort study, perioperative and post-operative morbidity is 
determined by multiple factors. We focused on some of these 
factors: Transfusion, ASA score, emergency surgery, age, and 
prematurity. Studies in pediatric cardiac surgery and critically 
ill pediatric patients have reported the role of transfusion 
as an independent morbimortality factor.[1-3] This survey 
concerned pediatric patients from the intraoperative and 
the post-operative period to discharge from hospital. There 
were no significant independent risk factors for mortality in 
this pediatric abdominal surgical cohort. Transfusion was 
an independent risk factor for perioperative complications, 
repeat surgery, LOSICU, LOSHOSP, TLOSHOSP, and LMV. 
Patients who needed transfusion had more comorbidities and 
were exposed to hemorrhagic surgery (liver transplantation, 
hepatic tumor resection, and pelvic tumor resection). 
Emergency surgery was an independent risk factor for repeat 
surgery, LOSICU, TLOSHOSP, and LMV. Age and ASA 

Table 2: Type of surgery
Type of surgery Transfusion 

group
No transfusion 

group
Anorectal malformation 3 1

Neuroblastoma 13 3

Liver transplantation 19 0

Pelvic tumor 4 10

Splenectomy 3 0

Intestinal exeresis 14 23

Pancreatectomy 1 0

Hepatic tumor 5 1

Revascularization 5 0

Kidney transplantation 6 11

Gastric fibroscopy 3 0

Lung lobectomy 2 0

Gastroplasty 2 3

Siamese tween 
separation

3 0

Cryopreservation 1 0

Kasai operation 3 0

Central venous 
catheter placement

1 0

Exploration laparotomy 
for malrotation

2 6

Exploration laparotomy 1 8

Ganglioneuroma 1 1

Laparoschisis 0 8

Gastrectomy 0 1

Omphalocele 0 9

Esophageal atresia 1 14

Cysto‑ureterectomy 1 0

Total 94 99

P value <0.0001

Table 3: Type of surgery and the number of blood 
units per patient

Type of surgery Mean number of 
blood units per 

patient±SD
Anorectal malformation 1±0

Neuroblastoma 1.69±0.35

Hepatic transplantation 12.36±2.5

Pelvic tumor 6±3.68

Splenectomy 1.33±0.34

Intestinal exeresis 1.66±0.53

Hepatic tumor 12.5±6.13

Revascularization 3.8±1.88

Kidney transplantation 1.33±0.35

Esophagogastroduodenoscopy 1.33±0.32

Lobectomy 2.5±1.5

Gastroplasty 1±0

Siamese Tween separation 2.66±1.5

Kasai operation 1±0

Volvulus exploratory laparotomy 1±1.5

Pancreatectomy 2±0

Cryopreservation 1±0

Central venous 
catheter placement

1±0

Exploratory laparotomy 1±0

Ganglioneuroma 3±0

Esophageal atresia 1±0

Cysto‑ureterectomy 1±0
SD: Standard deviation
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score were independent predictive risk factors for LOSICU, 
TLOSHOSP, and LMV. Our study highlighted some factors 
which were only the visible part of the iceberg since 
perioperative and post-operative morbidity is multifactorial. 
Other factors that could influence patient outcome such as 
hemoglobin concentration, weight, fluid therapy with colloids 
and crystalloids, blood loss, type of anesthesia (all patients 
had general anesthesia in this study), and organizational 
aspects were not analyzed here. LOSICU, LOSHOSP, 
TLOSHOSP, and LMV depend on several factors and those 
analyzed in our study are far from being exhaustive, but they 
can help to understand some aspects implicated in morbidity.

Patient outcome can be improved by reducing the above-
mentioned morbidity risk factors. Since ASA score was an 
independent morbidity risk factor in this study, perioperative 
management of high ASA score patients should be adapted 
to patient status and surgery. Studies in adult surgery have 
demonstrated patient outcome improvement in surgical 

patients when a goal-directed therapy protocol was used 
intraoperatively,[5,6] studies concerning this participant 
are rare in pediatric surgery[7] and anesthesia, and focus 
should be directed in developing prospective goal-directed 
protocol studies in children to demonstrate whether the 
outcome is upgraded. Optimizing transfusion strategies 
could improve patient outcome. Studies have reported 
the physiopathology underlying some transfusion-related 
complications.[8,9] Exposure to blood products can be 
reduced by applying restrictive transfusion strategies,[10-12] 
using transfusion protocols based on bedside viscoelastic 
methods to guide blood components administration during 
hemorrhagic surgery such as liver transplantation, hepatic 
tumor resection, and pelvic tumor resection.[13,14] A study 

Table 4: Comorbidities
Comorbidities Transfusion 

group
No transfusion 

group
None 32 23

Hepatic failure 25 0

Immune deficiency 1 0

Metabolic disease 1 0

Neurofibromatosis 2 2

Chronic kidney failure 7 10

Heart disease 3 6

Transplantation 2 0

Polymalformative syndrome 4 4

Necrotizing enterocolitis 2 4

Cancer 12 15

Cystic fibrosis disease 1 0

Crohn’s disease 0 1

Polytraumatisme 0 1

Duodenal atresia 0 1

Mediastinal tumor 0 1

Prematurity 0 13

Chronic intestinal 
pseudo‑occlusion

0 3

Bronchopulmonary dysplasia 0 1

Intra‑auricular thrombus 0 1

Hepatoblastoma 0 1

Hemorrhagic diathesis 1 10

Hirschsprung 1 2

Total 94 99

P value <0.0001

Table 5: Complications
Intraoperative 
complications

Transfusion No transfusion

Hemorrhagic shock 13 0

Anaphylaxis 0 0

Cardiac arrest 0 1

Broncholaryngospasm 1 0

Difficult intubation 1 0

Post‑operative organ failure complications

Neurological 2 1

Cardiocirculatory 15 0

Respiratory 9 6

Renal 2 1

Hepatic 1 0

Endocrinologic 0 0

Multisystemic 2 1

Miscellaneous 3 0

Hemorrhagic shock 1 0

Anaphylaxis 0 0

Post‑operative infection complications

Pulmonary sepsis 27 3

Abdominal sepsis 22 1

Urinary sepsis 7 0

Mediastinal sepsis 0 0

Neuromeningeal sepsis 0 0

Septic shock 0 0

Surgical wound sepsis 0 1

Septicemia 0 3

Generalized sepsis 0 2

Repeat surgery 15 5

Death 3 1

Total 124 26
P<0.0001
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Table 6: Logistic regression for complications, repeat surgery, and mortality
Independent 
variable

Dependent 
variable

Odds 
ratio

Odds ratio 95% confidence 
interval

P value

Complications

Transfusion 1.14 1.02–1.28 0.02

Age 0.99 0.99–1.00 0.07

Emergency surgery 1.27 0.62–2.57 0.51

Prematurity 0.63 0.23–1.74 0.37

ASA score 2 0.28 0.05–1.61 0.15

ASA score 3 0.63 0.23–1.74 0.59

ASA score 4 1.57 0.24–10.20 0.64

Repeat surgery

Transfusion 1.11 1.02–1.20 0.01

Age 0.99 0.98–1.00 0.24

Emergency surgery 5.63 1.54–20.52 0.01

Prematurity 1.32 0.34–5.09 0.69

ASA score 2 1.96 0.07–58.71 0.69

ASA score 3 1.54 0.05–43.93 0.80

ASA score 4 1.53 0.05–47.38 0.81

Mortality

Transfusion 1.08 0.97–1.20 0.15

Age 0.99 0.97–1.01 0.22

Emergency surgery 2.64 0.27–25.55 0.40

Prematurity 0.35 0.02–6.36 0.48

ASA score 2 0.19 0.004–10.84 0.43

ASA score 3 0.43 0.01–12.84 0.62

ASA score 4 1.03 0.03–32.59 0.99

in adult liver transplantation demonstrated that ROTEM-
guided transfusion protocol reduced intraoperative blood 
loss, red blood and fresh frozen[13] plasma transfusion, and 
hospitalization costs.[13] A Cochrane meta-analysis of 17 
randomized studies concerning 1493 patients (of which 2 
were pediatric cardiac studies with 131 pediatric patients) 
showed that when viscoelastic methods (ROTEM or TEG) 
were used in hemorrhagic surgeries in adults (cardiac surgery 
and liver transplantation), there were a 48% reduction in 
global mortality, a 14% reduction in red blood cell, 43% 
reduction in FFP, and 25% reduction in platelet transfusions, 
a decrease in repeat surgery and a decrease in extrarenal 
replacement therapy in adult patients. Reduction of mortality 
was not demonstrated in children and this can be explained 
by the small number of patients (131 pediatric patients in 2 
pediatric studies were concerned).[15]

Larger prospective randomized studies are needed in children 
to demonstrate that mortality and morbidity can be reduced in 
high-risk hemorrhagic surgery when point-of-care viscoelastic 
methods are used to guide transfusion. Emergency surgery is 

an independent risk factor for morbidity, urgent interventions 
should be realized during emergency periods, and non-
urgent operations realized electively. One study showed 
that complications are higher in emergency surgery than in 
elective surgery.[16]

Age is also an independent factor for morbidity. A recent 
prospective multicenter study reported the importance for 
the management of pediatric patients under a certain age in 
specialized centers, the importance of a good training, and 
supervision environment.[17] Our survey analyzed transfusion 
and morbidity factors in critically ill pediatric patients in 
abdominal surgery. Not all morbidity risk factors were 
analyzed in our study but only some of those factors which 
were accessible and thus analyzable. Identifying morbidity 
factor is one of the first steps toward patient outcome 
improvement. Once these factors are identified, preventive 
measures can be applied.

Our study had limits, it was retrospective, monocenter, 
and some data concerning factors which could influence 
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Table 7: Log‑linear regression for LOSICU, LOSHOSP, TLOSHOSP, and LMV
Independent 
variable

Dependent 
variable

Wald 
value

Wald value 95% confidence 
interval 

P value

LOSICU

Transfusion 0.02 0.011–0.024 <0.0001

Age −0.006 −0.007–(−0.005) <0.0001

Emergency surgery 0.376 0.292–0.460 <0.0001

Prematurity 0.482 0.392–0.571 <0.0001

ASA score 2 0.261 −0.052–0.574 0.10

ASA score 3 0.721 0.416–1.027 <0.0001

ASA score 4 1.422 1.114–1.730 <0.0001

LOSHOSP

Transfusion 0.028 0.024–0.033 <0.0001

Age −0.003 −0.003–(−0.002) <0.0001

Emergency surgery −0.001 −0.073–0.070 0.97

Prematurity −0.510 −0.621–(−0.398) <0.0001

ASA score 2 0.322 0.089–0.556 0.007

ASA score 3 0.588 0.357–0.818 <0.0001

ASA score 4 0.910 0.673–1.147 <0.0001

TLOSHOSP

Transfusion 0.025 0.021–0.029 <0.0001

Age −0.003 −0.004–(−0.003) <0.0001

Emergency surgery 0.286 0.230–0.342 <0.0001

Prematurity −0.167 −0.241–(−0.093) <0.0001

ASA score 2 0.311 0.124–0.499 0.001

ASA score 3 0.605 0.421–0.789 <0.0001

ASA score 4 1.051 0.863–1.239 <0.0001

LMV

Transfusion 0.052 0.041–0.064 <0.0001

Age −0.016 −0.019–(−0.014) <0.0001

Emergency surgery 0.508 0.309–0.707 <0.0001

Prematurity 0.152 −0.043–0.348 0.126

ASA score 2 0.799 −0.107–1.704 0.084

ASA score 3 1.425 0.538–2.312 0.002

ASA score 4 1.976 1.085–2.876 <0.0001
ASA: American Society of Anesthesiologists, LOSICU: Length of stay in the intensive care unit, LOSHOSP: Length of stay in hospital, 
TLOSHOSP: Total length of stay in hospital, LMV: Length of mechanical ventilation

outcome was missing. Larger prospective randomized 
studies are needed to complete retrospective surveys to have 
recommendations to improve post-operative patient outcome 
in the pediatric population.
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