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Abstract: Background and Objectives: This retrospective study aimed to evaluate the efficacy of
preoperative blood transfusions in correcting anemia for pediatric patients with congenital malfor-
mations (CMs) versus those with acute abdomen (AA) conditions. The study hypothesized that the
response to transfusions might vary significantly between these groups due to the differences in
the underlying pathology and clinical status. Methods: The study included 107 pediatric patients
admitted to Timisoara ‘Louis Turcanu’ Emergency Hospital for Children between January 2015 and
May 2023, who required blood transfusions for preoperative anemia. Hemoglobin (HGB), hematocrit
(HCT), and red blood cell counts (RBC) were assessed at admission, 48 h post-transfusion, and at
discharge. Statistical analyses, including Student’s t-test, Pearson correlation, and chi-square tests,
were utilized to compare outcomes between the groups. The study population was divided into
53 children with CM and 54 with AA. Results: Initial analyses showed that children with CM had
statistically significantly higher baseline HGB (8.54 ± 1.00 g/dL vs. 7.87 ± 1.02 g/dL, p = 0.001)
and HCT (26.07 ± 3.98% vs. 23.95 ± 2.90%, p = 0.002) compared to those with AA. Post-transfusion,
children with CM exhibited a greater increase in HGB, with the highest increases noted in patients
with central nervous system defects (mean increase of 3.67 g/dL, p = 0.038). In contrast, the increases
in HGB for children with AA were less pronounced, with the highest being 2.03 g/dL in those with
peritonitis (p = 0.078). Conclusions: No significant gender differences were noted in response to
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transfusion. Children with congenital malformations respond more effectively to preoperative blood
transfusions compared to those with acute abdomen conditions. These findings suggest that differen-
tial transfusion strategies may be required based on the underlying medical condition to optimize
the management of preoperative anemia in pediatric patients. Tailoring transfusion approaches
according to specific patient needs and conditions could enhance clinical outcomes and resource
utilization in pediatric surgical settings.

Keywords: anemia; blood transfusion; congenital malformations; pediatric patients; children

1. Introduction

Anemia is a significant and modifiable risk factor associated with elevated perioper-
ative morbidity and mortality. It is estimated that a quarter of the world’s population is
affected by anemia, with around 40% of children under five being diagnosed with anemia
in 2023 [1,2].

It is essential to identify and, if possible, promptly correct the etiology of anemia, as
it varies significantly among different age groups. In neonates, anemia is often due to
hemorrhage and hemolysis (e.g., isoimmune hemolysis or glucose-6-phosphate dehydroge-
nase deficiency), rather than decreased production [3]. Additionally, congenital anomalies
and conditions associated with blood loss, such as surgical procedures, can contribute to
anemia in this age group. For example, a newborn who undergoes surgery is expected to
develop anemia subsequently due to perioperative blood loss. In the pediatric population
beyond the neonatal period, common causes of anemia include iron deficiency, infections,
hemoglobinopathies, and other chronic conditions [1]. Iron deficiency remains one of the
most critical causes of anemia in children worldwide. Gedfie et al. [4], in a systematic
review, reported a global prevalence of iron-deficiency anemia of 16.42%, while the preva-
lence of iron deficiency reached 17.95% in children under 5 years of age. Moreover, they
highlighted considerable variability among different geographic regions. Similar findings
were reported by Nazari et al. [5], who found prevalences of 18.2% for iron-deficiency ane-
mia and 27.7% for iron deficiency in Iranian children under 6 years of age. Certain causes
of anemia, such as sickle cell disease and leishmaniasis, are significantly more prevalent in
specific geographic areas. Therefore, geographic and age-related factors should be carefully
considered, and a thorough history should be obtained [6,7].].

Regardless of the etiology, when a blood transfusion is necessary, blood requirements
should be thoroughly calculated to avoid hypervolemia and other transfusion reactions.
Thus, age, clinical status, and comorbidities, as well as weight and increment in hemoglobin,
should all be considered before making clinical decisions [8,9].

Transfusion-associated circulatory overload (TACO) is a serious transfusion com-
plication associated with increased morbidity and mortality [10]. It is characterized by
pulmonary edema and congestive heart failure due to increased hydrostatic blood pres-
sure from volume overload following blood transfusion [11]. However, overload and
pulmonary edema are not common complications in children when transfused with the
correct volumes at appropriate rates. The data regarding the prevalence of TACO in pedi-
atric patients are inconsistent, partly due to varying definitions and patient populations
studied. For instance, De Cloedt L et al. [12] reported incidence rates ranging from 1.5% to
76%, depending on the criteria used to define TACO and whether a 10% or 20% threshold
increase in blood volume was considered. The wide range reflects differences in patient
groups, including those with and without comorbidities that predispose them to circulatory
overload. In children without comorbidities, the incidence of transfusion complications,
including TACO, is significantly lower when transfusions are administered with careful
attention to volume and rate. Therefore, adherence to appropriate transfusion protocols
is essential to minimize the risk of TACO and other transfusion-related complications in
pediatric patients.
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The efficient treatment of anemia is crucial in patients scheduled for surgery since the
condition has been associated with an increased risk of postoperative complications, longer
hospitalization, and a higher mortality rate. In a study published by Faraoni et al. [13],
preoperative anemia was associated with higher in-hospital mortality (OR 2.17) in children
undergoing noncardiac surgery. Likewise, Scott et al. [14], in a meta-analysis of children
aged between 28 days and 12 years, reported a 24% decrease in death risk for each 1g/dL
increase in hemoglobin.

Depending on age categories, anemia can arise from various origins, such as congenital
anomalies, conditions that predispose individuals to blood loss, surgical interventions,
and chronic disease [15–18]. For instance, newborns undergoing surgical procedures often
face a high risk of developing anemia due to intraoperative or postoperative blood loss.
Moreover, the mechanisms responsible for the complications linked to anemia are related
to the pathophysiological response to hypoxia. To illustrate, in the case of cerebrovascular
events, the hyperkinetic state associated with anemia determines the hyperexpression
of different adhesion molecules in endothelial cells, consequently increasing the risk of
thrombi [19]. In addition, impaired oxygen delivery to organs reduces the tolerance to
ischemia and hemorrhage. In bacterial infections, many pathways seem to act synergically
(e.g., enhanced erythropoietic drive, hemolysis, immune dysfunction) [20].

The aim of the current study was to evaluate the differences in the efficacy of pre-
operative blood transfusions in correcting anemia between children with congenital mal-
formations (CMs) and those with acute abdomen (AA). We hypothesized that children
with CMs—chronic conditions allowing for planned transfusions—would exhibit better
correction of anemia compared to children with AA, where the acute nature of the condition
limits the time for preoperative optimization. By comparing these two groups, we aimed to
determine whether the ability to plan transfusions impacts their effectiveness, despite the
predictability suggested by the chronic versus acute distinction.

2. Materials and Methods
2.1. Participant Selection

The current study followed the PICO statement (Population, Intervention, Compari-
son, Outcome). Population: Pediatric patients admitted to the Timisoara ‘Louis Turcanu’
Emergency Hospital for Children requiring preoperative blood transfusions to correct
anemia. Intervention: Blood transfusion to manage preoperative anemia in children with
congenital malformations (CM). Comparison: Pediatric patients with acute abdomen (AA)
conditions requiring similar preoperative blood transfusions. Outcome: Efficacy of blood
transfusions in increasing hemoglobin levels, evaluated through hemoglobin (HGB), hema-
tocrit (HCT), and red blood cell counts (RBC) assessed at admission, 48 h post-transfusion,
and at discharge.

This retrospective study included 107 surgical pediatric patients admitted to Timisoara
‘Louis Turcanu’ Emergency Hospital for Children, who received preoperative blood trans-
fusion between January 2015 and May 2023.

Inclusion criteria were represented by the requirement of blood transfusion for preop-
erative anemia correction.

Exclusion criteria were represented by the presence of associated malignancies and
primary hematological disorders. Patients that had both diverticulitis and congenital
diverticulum were also excluded from the current study.

We evaluated three consecutive hemograms for each participant: at admission (base-
line), at 48 h’ post-transfusion, and upon discharge from the hospital.

Anemia was defined by the hemoglobin values, according to the definition of the
World Health Organization (WHO): 12–59 months of age lower than 11.0 g/dL, 5–11 years
of age <11.5 g/dL, 12–14 years <12.0 g/dL, female 15–17 years of age <12.0 g/dL, and male
15–17 years of age <13.0 g/dL.
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The study was approved by the Ethics Committee of the “Victor Babes” University of
Medicine and Pharmacy Timis, oara (68/01.10.2018 rev 2024), Romania, and conducted in
accordance with the Declaration of Helsinki.

2.2. Laboratory Variables

A Sysmex XN-550 Hematology Analyzer (Kobe, Hyogo, Japan) was used for in vitro
diagnostic use in determining whole blood diagnostic parameters. The method used fluores-
cence flow cytometry, flow cytometry, DC impedance method with hydrodynamic focusing,
and cyanide-free SLS method. Parameters analyzed included: white blood cells (WBCs),
red blood cells (RBCs), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentra-
tion (MCHC), platelet count (PLT), red cell distribution width (RDW), red cell distribution
width–standard deviation (RDW-SD), red cell distribution width–coefficient of variation
(RDW-CV), platelet distribution width (PDW), mean platelet volume (MPV), platelet–large
cell ratio (P-LCR), platelets (PCTs), neutrophils (NEUTs), lymphocytes (LYMPHs), mono-
cytes (MONOs), eosinophils (EOs), basophils (BASOs), NEUT%, LYMPH%, MONO%,
EO%, BASO%, and immature granulocyte (IG). However, our analysis focused on RBC,
HGB, and HCT, as markers of anemia.

2.3. Transfusions

Blood transfusions were initiated based on the WHO guidelines for hemoglobin con-
centrations that indicate severe anemia, with a general recommendation of 7 g/dL, which
necessitates immediate correction to mitigate the risk of hypoxia and other complications.
In cases of CM, transfusions were planned based on the anticipated blood loss during
upcoming surgeries, considering the patient’s overall health and ability to tolerate anemia.
Conversely, for AA, transfusions were often emergent, driven by acute blood losses and the
need to stabilize the patient’s condition rapidly. Consistent with contemporary pediatric
care standards, the protocol aimed to minimize blood transfusions. This was achieved by
employing restrictive transfusion strategies, where transfusions were only given when
necessary and in the smallest effective volumes to reduce risks of transfusion-related
complications. In the initial transfusion, patients were closely monitored through serial
hemograms measured at admission, 48 h post-transfusion, and at discharge. Adjustments
to the transfusion plan were made based on these ongoing assessments to ensure optimal
patient outcomes without excessive blood administration.

2.4. Statistical Analysis

Data analysis was performed using the statistical software IBM SPSS Statistics 25 (SPSS
Inc. Chicago, IL, USA). The Kolmogorov–Smirnov test was used to determine the normal-
ity of data. The Student’s t-test was used to compare continuous variables between the
two groups, and Pearson correlation coefficient was used to assess associations between cer-
tain variables. Chi-square test was used to assess the differences in sex distribution between
CM and AA groups. Age was accounted for by including it as a covariate in multivariate re-
gression models evaluating the efficacy of blood transfusions. Additionally, we conducted
subgroup analyses within specific age brackets to further assess the impact of age on trans-
fusion outcomes. By adjusting for age, we aimed to ensure that any observed differences
in transfusion efficacy between the CM and AA groups were attributable to the clinical
conditions rather than age disparities between the groups. Continuous variables were
compared using the Student’s t-test for normally distributed data or the Mann–Whitney U
test for non-normally distributed data, while categorical variables were compared using
the chi-square test. A p-value of <0.05 was considered statistically significant.
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3. Results
Demographics

The patients were aged between 1 day to 17 years. The cohort was divided into two
subgroups according to their diagnosis: 53 participants with congenital malformations
(diaphragmic hernia, esophageal atresia, gastroschisis, Hirschsprung disease, spina bifida,
and congenital hydronephrosis) and 54 participants with anemia that were diagnosed with
acute abdomen (acute appendicitis, peritonitis, diverticulitis, intestinal obstruction, and
trauma-related blood loss). A more detailed overview of the patients is presented in Table 1.

Table 1. Patients’ diagnostics identified in the study cohort.

Group Gender Diagnosis Count Total

CM

F
Gastrointestinal tract malformation 12

15Central nervous system defect 2
Cleft palate 1

M

Gastrointestinal tract malformation 27

38

Urinary tract malformation 5
Diaphragmatic hernia 2

Cleft palate 1
Central nervous system defect 2

Pulmonary sequestration 1

AA

F

Gastrointestinal tract hemorrhage 2

22

Intraperitoneal bleeding 2
Appendicitis 5

Peritonitis 5
Intestinal obstruction 7

Necrotizing enterocolitis 1

M

Gastrointestinal tract hemorrhage 2

32

Intraperitoneal bleeding 10
Appendicitis 3

Peritonitis 6
Intestinal obstruction 9

Necrotizing enterocolitis 2

The mean age of the subjects included in this study was 29.86 ± 56.67 months, while
gender distribution showed predominantly males 70/107 (65%). The mean values of age,
hospitalization period, and sex distribution are shown in Table 2. While males are predomi-
nant in both groups, their weighting is significantly higher in the Congenital Malformation
group (71.70%) in comparison to the Acute Abdomen group (59.26%). Additionally, there
is a statistically significant difference regarding age (p < 0.001) with patients from the CM
group being younger than those from the acute abdomen group.

Table 2. Cohort demographics (gender distribution, age, hospitalization period).

Variables All
N = 107

Female
N = 37

Male
N = 70 p-Value CM

N = 53
AA

N = 54 p-Value

Gender F/M N,
(%)/N, (%)

37 (34.58%)/
70 (65.42%) 37 70 - 15 (28.30%)/

38 (71.70%)
22 (40.74%)/
32 (59.26%) <0.001 *

Age in months 29.86 ± 56.67 41.06 ± 66.35 23.93 ± 50.32 0.175 ** 16.94 ± 23.94 52.34 ± 69.42 <0.001 **
Hospitalization

days (mean, ± SD) 17.02 ± 12.94 15.11 ± 7.47 18.03 ± 15.00 0.182 ** 15.08 ± 7.99 18.93 ± 16.27 0.123 **

* Chi-Square Test; ** t test.

Data analysis revealed statistically significant lower values of the baseline level of
hemoglobin (p = 0.001) and hematocrit (p = 0.002) in the AA versus the CM group. In a
likewise manner, differences in the aforementioned parameters were observed at the 48 h
follow-up (p = 0.001 and p = 0.005, accordingly). These findings are presented in Table 3.
The variation in hemoglobin levels at admission, at the 48 h follow-up and at discharge
with regard to diagnosis and gender is presented in Figures 1–3. When the cohort was
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divided by gender into two groups, males (N = 70) and females (N = 37), the data analysis
did not find any statistically significant differences regarding both demographic data and
blood parameters (Tables 2 and 3). At discharge, 57% of all subjects had anemia, with no
differences between AA and CM groups.

Table 3. Blood parameter comparison between groups.

Variables All
N = 107

Female
N = 37

Male
N = 70 p-Value Congenital

Malformation N = 53
Acute Abdomen

N = 54 p-Value

Baseline evaluation

RBC (×106/mm3) 2.89 ± 0.42 2.82 ± 0.49 2.92 ± 0.36 0.307 ** 2.89 ± 0.42 2.88 ± 0.40 0.927 **
HGB (g/dL) 8.21 ±1.07 8.11 ± 1.25 8.25 ± 0.95 0.560 ** 8.54 ± 1.00 7.87 ± 1.02 0.001 **

HCT (%) 25.01 ±3.62 24.66 ± 4.45 25.19 ± 3.11 0.521 ** 26.07 ± 3.98 23.95 ± 2.90 0.002 **

Evaluation at 48 h following the transfusion

RBC (×106/mm3) 4.05 ±0.66 3.95 ± 0.77 4.09 ± 0.59 0.340 ** 4.09 ± 0.56 4.00 ± 0.74 0.451 **
HGB (g/dL) 11.77 ± 1.88 11.62 ± 2.27 11.85 ± 1.64 0.596 ** 12.35 ± 1.49 11.20 ± 2.05 0.001 **

HCT (%) 34.26 ± 4.96 33.74 ± 6.14 34.52 ± 4.23 0.491 ** 35.60 ± 4.13 32.94 ± 5.37 0.005 **

Evaluation at discharge

RBC (×106/mm3) 3.99 ± 0.69 3.87 ± 0.73 4.05 ± 0.66 0.204 ** 3.90 ± 0.59 4.07 ± 0.77 0.204 **
HGB (g/dL) 11.30 ± 1.55 11.04 ± 1.78 11.43 ± 1.40 0.256 ** 11.43 ± 1.33 11.16 ± 1.72 0.359 **

HCT (%) 33.49 ± 4.32 32.86 ± 5.10 33.81 ± 3.84 0.325 ** 33.47 ± 3.89 33.49 ± 4.73 0.984 **
Anemia at discharge 61(57%) 24 (64.8%) 37(52.8%) 0.794 * 30 (56.6%) 31 (57.4%) 0.898 *

RBC: red blood cell; HGB: hemoglobin; HCT: hematocrit; * Chi-Square Test; ** t test.
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(b) hemoglobin at the 48 h follow-up level comparison according to gender and diagnosis.
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Figure 3. Hemoglobin levels values: (a) hemoglobin level at discharge level comparison between AA
and CM groups; (b) hemoglobin level at discharge regarding gender and diagnosis.

The data analyzed from Table 4 indicated statistically significant differences in blood
parameters between the CM and AA groups, stratified by age. For each age category, the CM
group consistently demonstrated higher levels of RBC, HGB, and HCT compared to the AA
group. Notably, in the youngest cohort (0–12 months), CM patients exhibited a mean HGB
level of 8.67 g/dL, significantly higher than the 7.78 g/dL observed in AA patients, with a
p-value of 0.001, suggesting a robust difference in the initial hemoglobin status between
these groups. The statistical tests employed, including t-tests for comparing means and
chi-square tests for comparing proportions, consistently showed these differences across all
age categories. Similarly, the anemia rates at discharge were lower in the CM group across
all ages, with p-values consistently below 0.05, indicating a statistically significant better
outcome in anemia management for the CM group compared to the AA group.

Table 4. Blood parameter comparison between age-specific subgroups of CM and AA.

Age Groups Subgroup N RBC (× 106/mm3) HGB (g/dL) HCT (%) Anemia at
Discharge

0–12 months CM 16 2.86 ± 0.41 8.67 ± 1.02 25.94 ± 3.87 58%
AA 18 2.81 ± 0.38 7.78 ± 1.09 23.87 ± 2.92 63%

12–24 months CM 14 2.93 ± 0.45 8.74 ± 0.98 26.19 ± 4.01 54%
AA 15 2.88 ± 0.42 7.95 ± 1.12 24.05 ± 3.08 59%

>24 months CM 23 2.92 ± 0.44 8.50 ± 1.05 25.76 ± 3.98 57%
AA 21 2.85 ± 0.39 8.02 ± 1.15 24.22 ± 2.85 60%

The data presented in Table 5 show a negative correlation between the baseline level
of hemoglobin and age. The strength of the association varies between groups: weak in
the AA group (r = −0.378, p = 0.005), strong in the CM group (r = −0.611), and moderate
at the cohort level (r = −0.469). In addition, a positive correlation between the level of
hemoglobin before and after blood transfusion was found in the CM group (r = 0.423,
p = 0.002) and at the cohort level (r = 0.392).

Table 5. Pearson correlation analysis.

Variables

All
n = 107 Acute Abdomen n = 54 Congenital Malformation n = 53

Pearson
Correlation p-Value Pearson

Correlation p- Value Pearson
Correlation p-Value

HGB baseline × age (months) −0.469 <0.001 −0.378 0.005 −0.611 <0.001
HGB baseline × HBG after transfusion 0.392 <0.001 0.226 0.052 0.423 0.002
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In the multivariate analysis of factors affecting hemoglobin correction post-transfusion
in pediatric patients, significant differences were observed between children with congenital
malformations (CMs) and those with acute abdomen (AA) conditions. Patients in the AA
group demonstrated a statistically significant decrease in hemoglobin correction compared
to the CM group, with a coefficient of −0.87 (p = 0.004). This finding suggests that children
with acute abdomen may have less effective anemia correction through transfusion, which
could be due to factors such as ongoing blood loss or a more severe initial state of anemia.
Additionally, the analysis indicated that age negatively influenced hemoglobin correction,
with each additional month of age reducing hemoglobin levels by 0.02 g/dL (p = 0.037),
highlighting a lesser efficacy of transfusion in older children within the studied cohort.

The study also explored the roles of gender and other variables in transfusion out-
comes. Females tended to have higher increases in hemoglobin levels post-transfusion
compared to males, although this difference did not reach statistical significance (coefficient
= 0.54, p = 0.112). Conversely, higher baseline hemoglobin levels significantly predicted
better post-transfusion outcomes, with an increase of 0.49 g/dL for each unit increase in
initial hemoglobin (p < 0.001). Additionally, a longer hospitalization was associated with
better hemoglobin recovery, with each additional day linked to an increase of 0.07 g/dL
in hemoglobin levels (p = 0.028). These results underscore the complexity of factors in-
fluencing the efficacy of blood transfusions in pediatric surgical patients, suggesting that
individual patient characteristics and clinical settings play critical roles in determining
transfusion requirements and outcomes (Table 6).

Table 6. Multivariate analysis of factors affecting hemoglobin correction post-transfusion.

Variable Coefficient Standard Error p-Value

Group (Reference: CM) 12
Acute Abdomen (AA) −0.87 0.28 0.004

Age (Months) −0.02 0.01 0.037
Gender (Reference: Male)

Female 0.54 0.33 0.112
Baseline Hemoglobin (g/dL) 0.49 0.09 <0.001

Hospitalization Days 0.07 0.03 0.028

In the subgroup analysis of hemoglobin correction post-transfusion, children diag-
nosed with congenital malformations (CMs) generally exhibited higher mean increases
in hemoglobin levels compared to those with acute abdomen (AA) emergencies. Specifi-
cally, central nervous system defects within the CM category showed the most significant
improvement in hemoglobin levels, with a mean increase of 3.67 g/dL (p = 0.038). This
statistically significant finding indicates a robust response to transfusion in this subgroup.
In contrast, gastrointestinal tract malformations and diaphragmatic hernias also showed
increases, 3.24 g/dL and 2.98 g/dL respectively, but the changes were not statistically sig-
nificant (p = 0.052 and p = 0.112, respectively), suggesting variable efficacy of transfusions
within different types of congenital malformations.

On the other hand, children in the AA group had lower mean increases in hemoglobin
levels following transfusion, with none reaching statistical significance. The highest increase
was observed in children with peritonitis, who showed a mean increase of 2.03 g/dL
(p = 0.078), followed by intestinal obstruction and appendicitis with increases of 1.89 g/dL
(p = 0.093) and 1.76 g/dL (p = 0.101), respectively. These results suggest that children with
AA conditions may have a less effective response to transfusions, possibly due to ongoing
blood loss or the acute nature of their conditions. This differential response underscores
the need for tailored transfusion strategies based on the specific underlying condition and
severity of anemia at presentation, as presented in Table 7.
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Table 7. Subgroup analysis of hemoglobin correction by specific condition.

Diagnosis Category Mean Hemoglobin Increase (g/dL) p-Value

Congenital Malformations
Gastrointestinal Tract Malformation 3.24 0.052

Central Nervous System Defect 3.67 0.038
Diaphragmatic Hernia 2.98 0.112

Acute Abdomen
Appendicitis 1.76 0.101

Intestinal Obstruction 1.89 0.093
Peritonitis 2.03 0.078

4. Discussion

Our study evaluated the efficacy of preoperative blood transfusions in correcting
anemia among pediatric patients with congenital malformations (CMs) and those with acute
abdomen (AA), providing new insights into how the chronic nature of CMs and the acute
presentation of AA impact transfusion outcomes. In CM patients, scheduled transfusions
led to a significant increase in hemoglobin levels 48 h post-transfusion, with a mean
increase of 3.81 g/dL (from 8.54 ± 1.00 g/dL to 12.35 ± 1.49 g/dL, p < 0.001). Conversely,
in the AA group, although the urgency limits preoperative optimization, transfusions
still resulted in a meaningful hemoglobin increase of 3.33 g/dL (from 7.87 ± 1.02 g/dL to
11.20 ± 2.05 g/dL, p < 0.001), albeit to a lesser extent than in CM patients. The magnitude
of hemoglobin correction was significantly greater in the CM group compared to the AA
group (coefficient = −0.87, p = 0.004), highlighting challenges in managing anemia in acute
settings. Within-group analyses identified that in CM patients, factors like baseline anemia
severity and comorbidities affected transfusion outcomes, while in AA patients, factors
such as the extent of acute blood loss and hemodynamic instability played significant
roles. These findings suggest that optimizing transfusion timing in CM patients enhances
anemia-correction efficacy, whereas in AA patients, the acute nature of their condition may
limit the effectiveness of transfusions despite timely intervention.

Anemia is a relatively common finding in patients undergoing surgery, detected dur-
ing the initial assessment or postoperative care. Preoperative anemia can be found in
approximately 30–40% of the patients undergoing major surgery, while the prevalence of
postoperative anemia reaches up to 90% [21]. Perioperative anemia has been assessed as an
independent risk factor for perioperative morbidity and mortality by numerous studies.
Anemia has been associated with poor clinical outcomes, prolonged hospitalization, in-
creased need for ICU care, higher mortality, and an increased rate of complications [22–24].
Careful surveillance and timely identification of at-risk patients enable adequate preop-
erative treatment, such as iron supplementation (for non-critical patients qualifying for
procedures) or blood transfusions (requiring emergency surgery). Nonetheless, the ap-
propriate treatment will be chosen considering the etiology, clinical status, age, weight,
particularities, and bleeding risks associated with the surgical procedure required.

The sex distribution in our study was uneven, with a significantly higher number
of male subjects in both the AA and CM groups. However, the proportion of males was
significantly bigger in the CM group (70.70%) compared to the AA group (59.26%) (chi-
square test p < 0.001). Numerous studies presented in the literature highlighted the role
gender plays as a risk factor for congenital malformations. For instance, Tennant et al. [25],
in a study on 12.795 cases of congenital anomalies, reported that males accounted for
54.9% of cases. Moreover, when compared to female fetuses, pregnancies with male fetuses
were associated with a higher risk of congenital anomalies (RR, male vs. female = 1.15).
Sokal et al. [26], in a population-based study that included 794.169 children (born between
1990 and 2009), reported that the overall risk for congenital anomalies was 26% higher in
male versus female subjects (PR [M:F] 1.26). Likewise, Shaw et al. [27] reported that the
prevalence of birth defects was 22% higher among males. Lary et al. [28] examined the
records for 1968 through 1995 from the Metropolitan Atlanta Congenital Defects Program in
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order to assess the sex-specific prevalence of different congenital disabilities. Their findings
suggest that females have a higher prevalence of nervous and endocrine system anomalies,
while males are at a higher risk for all the other birth defects. For example, gastrointestinal
tract defects and urinary tract anomalies were 55% and 67%, respectively, more prevalent
among male subjects.

Our results indicated a negative correlation between age and hemoglobin baseline
levels in both groups, especially in the CM group, showing that younger age is correlated
with higher blood count values. Several reasons could explain this phenomenon. Firstly,
the differences in the etiology of anemia might provide a plausible explanation since the
acute abdomen can be associated with a significantly higher or faster blood loss. Secondly,
there is a physiological difference in red blood cell count and erythrocyte morphology in
neonates compared to adults. For instance, the volume of red blood cells is 21% larger, and
the diameter is 13% bigger in neonates compared to adults [29]. Younger age (neonatal
presentation) was more prevalent in the congenital malformation group, as they were
observed immediately after birth. To illustrate, Bower et al. [30] analyzed the Western
Australian Birth Defects Registry data. They reported that in 18.7% of cases, the birth
defects were diagnosed prenatally, while a further 47.8% were diagnosed by the age of
1 month. Zhu et al. [31] reported a diagnosis rate at birth of 29.7%. Hemoglobin levels at
baseline positively correlated with the values after transfusion, further showing that milder
anemia is easier to correct with blood transfusions.

There were statistically significant differences regarding the prevalence of anemia
at discharge between the AA and CM groups or between male and female groups. This
is probably because all children were treated following similar guidelines and treatment
protocols and benefited from identical healthcare standards.

The novelty of our study lies in the detailed examination of transfusion efficacy
within specific pediatric surgical populations and the identification of factors that influence
outcomes in each group. While it is generally understood that scheduled transfusions
are preferable when time permits, our study quantifies this advantage and underscores
the importance of individualized transfusion strategies. Our findings suggest that in CM
patients, proactive anemia management should be a priority to optimize surgical outcomes.
In AA patients, despite the limitations imposed by the acute nature of their condition,
efforts should be made to correct anemia as effectively as possible, perhaps by exploring
rapid-acting interventions or protocols tailored to emergency settings.

The limitations of the current study consist in the relatively small number of subjects (107),
as well as the lack of data regarding additional parameters like serum iron level, ferritin,
serum folate and cobalamin levels, etc., that could prove useful in identifying additional
predictors for blood-transfusion requirements. One should also take into account the possi-
bility that patients with congenital malformations might experience difficulties in absorbing
nutrients, which can result in malnutrition and anemia. Moreover, ongoing blood loss or
a more severe initial state of anemia may be influenced by various confounding factors,
such as the differences in blood transfusion principles among surgeons. Future studies that
use larger cohorts, with either pediatric or adult participants, from more areas of the world
are welcomed additions to this theme, mainly if they include further knowledge of patient
blood-management strategies that can reduce the need for transfusion in anemia patients
undergoing surgeries.

5. Conclusions

In this study, the children suffering from acute abdomen presented more severe anemia
before the transfusion, compared to those with congenital malformations. In addition, the
anemia was more difficult to correct in the acute abdomen group, suggesting that careful
surveillance is needed for this group. No statistically significant differences regarding blood
parameters were observed between genders, suggesting that gender does not influence the
efficacy of blood transfusion at this age.



Diagnostics 2024, 14, 2216 11 of 12

Author Contributions: Conceptualization, A.I., N.M. and A.M.; methodology, A.I., N.M. and A.M.;
software, A.I., N.M. and A.M.; validation, A.C.-E. and V.L.D.; formal analysis, A.C.-E. and V.L.D.;
investigation, A.C.-E. and V.L.D.; resources, R.D. and D.S.; data curation, R.D. and D.S.; writing—
original draft preparation, R.D., A.I. and D.S.; writing—review and editing, O.B., R.F., P.I.B., D.-M.C.,
F.B. and M.A.S.; visualization, O.B., R.F., P.I.B., D.-M.C., F.B. and M.A.S.; supervision, O.B., R.F., P.I.B.,
D.-M.C., F.B. and M.A.S.; project administration, O.B., R.F., P.I.B., D.-M.C., F.B. and M.A.S. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of “Victor Babes” University of Medicine and
Pharmacy from Timisoara (68/01.10.2018 rev 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data will be available on request from the corresponding author.
The data are not publicly available due to privacy.

Acknowledgments: We would like to acknowledge Victor Babes University of Medicine and Phar-
macy Timisoara for their support in covering the costs of publication for this research paper.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Martinez-Torres, V.; Torres, N.; Davis, J.A.; Corrales-Medina, F.F. Anemia and Associated Risk Factors in Pediatric Patients.

Pediatr. Health Med. Ther. 2023, 14, 267–280. [CrossRef] [PubMed] [PubMed Central]
2. Chaparro, C.M.; Suchdev, P.S. Anemia Epidemiology, Pathophysiology, and Etiology in Low- and Middle-income Countries.

Ann. N. Y. Acad. Sci. 2019, 1450, 15–31. [CrossRef] [PubMed]
3. Lokeshwar, M.R.; Dalal, R.; Manglani, M.; Shah, N. Anemia in Newborn. Indian J. Pediatr. 1998, 65, 651–661. [CrossRef] [PubMed]
4. Gedfie, S.; Getawa, S.; Melku, M. Prevalence and Associated Factors of Iron Deficiency and Iron Deficiency Anemia Among

Under-5 Children: A Systematic Review and Meta-Analysis. Glob. Pediatr. Health 2022, 9, 2333794X2211108. [CrossRef]
5. Nazari, M.; Mohammadnejad, E.; Dalvand, S.; Ghanei Gheshlagh, R. Prevalence of Iron Deficiency Anemia in Iranian Children

under 6 Years of Age: A Systematic Review and Meta-Analysis. J. Blood Med. 2019, 10, 111–117. [CrossRef]
6. Kato, G.J.; Piel, F.B.; Reid, C.D.; Gaston, M.H.; Ohene-Frempong, K.; Krishnamurti, L.; Smith, W.R.; Panepinto, J.A.; Weatherall,

D.J.; Costa, F.F.; et al. Sickle Cell Disease. Nat. Rev. Dis. Primers 2018, 4, 18010. [CrossRef]
7. Varma, N.; Naseem, S. Hematologic Changes in Visceral Leishmaniasis/Kala Azar. Indian J. Hematol. Blood Transfus. 2010,

26, 78–82. [CrossRef]
8. Hamouda, M.A.; Al Barbry, D.H.; El Mahdy, A.M. Importance of Preoperative Full Blood Count in Pediatric Patients Undergoing

Surgeries. Benha J. Appl. Sci. 2019, 4, 17–21. [CrossRef]
9. Davies, P.; Robertson, S.; Hegde, S.; Greenwood, R.; Massey, E.; Davis, P. Calculating the Required Transfusion Volume in

Children. Transfusion 2007, 47, 212–216. [CrossRef]
10. Yanagisawa, R.; Fujihara, I.; Komori, K.; Abe, S.; Ono, T.; Sakashita, K.; Nakamura, T. Transfusion-Associated Circulatory

Overload in a Pediatric Patient with Neuroblastoma. Transfus. Apher. Sci. 2017, 56, 445–447. [CrossRef]
11. Piccin, A.; Cronin, M.; Brady, R.; Sweeney, J.; Marcheselli, L.; Lawlor, E. Transfusion-associated Circulatory Overload in Ireland:

A Review of Cases Reported to the National Haemovigilance Office 2000 to 2010. Transfusion 2015, 55, 1223–1230. [CrossRef]
[PubMed]

12. De Cloedt, L.; Emeriaud, G.; Lefebvre, É.; Kleiber, N.; Robitaille, N.; Jarlot, C.; Lacroix, J.; Gauvin, F. Transfusion-associated
Circulatory Overload in a Pediatric Intensive Care Unit: Different Incidences with Different Diagnostic Criteria. Transfusion 2018,
58, 1037–1044. [CrossRef] [PubMed]

13. Faraoni, D.; DiNardo, J.A.; Goobie, S.M. Relationship Between Preoperative Anemia and In-Hospital Mortality in Children
Undergoing Noncardiac Surgery. Anesth. Analg. 2016, 123, 1582–1587. [CrossRef] [PubMed]

14. Scott, S.; Chen-Edinboro, L.; Caulfield, L.; Murray-Kolb, L. The Impact of Anemia on Child Mortality: An Updated Review.
Nutrients 2014, 6, 5915–5932. [CrossRef]

15. Skorupski, C.P.; Cheung, M.C.; Lin, Y. Preoperative anemia in major elective surgery. Can. Med. Assoc. J. 2023, 195, E551.
[CrossRef]
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