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ABSTRACT

Aims: To determine the prevalence of 
preoperative anemia in children presenting 
for surgery at our institution and to establish 
whether preoperative anemia increased the 
likelihood of perioperative transfusion. 
Methods: A retrospective review of all non-
cardiac surgical patients over a 2-week period. 
Data were collected for demographics, type of 
surgery, hemoglobin concentration within 28 
days of surgery, severity of anemia and whether 
a blood transfusion was administered within 28 
days of surgery. Results: 723 patients underwent 
non-cardiac surgery during the study period, 
of which 334 had a preoperative hemoglobin 
measurement, 116 of those were anemic. Blood 
transfusion was administered in 19.9% of all 
anemic patients, compared to 5.4% of non-anemic 
patients (odd ratio [OR] 4.383; 95% confidence 
interval [CI], 2.10–9.53; p <0.0001). In anemic 
children over six months of age, 75.3% were of 
moderate severity, 22.6% were mild, and 2.1% 
severe, with transfusion rates being similar 23.6, 
15.1, and 33.0%, respectively. The prevalence of 
anemia increased with ASA severity with blood 
transfusion occurring more often in anemic than 
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non-anemic patients in all ASA grades. Anemic 
patients who underwent intermediate or major 
procedures were significantly more likely to be 
transfused than their non-anemic counterparts, 
with no significant difference seen for minor 
procedures. Conclusion: Preoperative anemia 
is common in children presenting for surgery at 
our institution and in the majority of cases, this 
is of moderate severity. Preoperative anemia 
is associated with an increased likelihood of 
perioperative blood transfusion compared to 
patients with hemoglobin concentrations within 
the normal range.

Keywords: Hemoglobin optimization, Patient 
blood management, Preoperative anemia, Periop-
erative transfusion
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INTRODUCTION

The World Health Organisation’s (WHO) review of the 
global anemia burden between 1990 and 2010 found the 
prevalence of anemia to be 32.9%. Over this time period, 
a reduction in the prevalence of anemia was noted in both 
sexes for all age groups, with the exception of children 
under five years of age, where there was an increased 
prevalence [1]. The incidence of iron deficiency anemia in 
children from birth to four years in industrialised countries 
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is 19.9% [2], though it is much lower in the United States 
(0.9 and 4.4% for infants and children, respectively) [3]. 
With regard to preoperative anemia, a retrospective study 
of data from the American College of Surgeons National 
Surgical Quality Improvement Programme (ACS NSQIP) 
showed that in children aged 1–18 years undergoing non-
cardiac surgery, the prevalence of anemia was 24.3% [4].

The association of preoperative anemia and adverse 
outcomes, including mortality, has been shown in a 
number of adult non-cardiac surgery populations [5, 6]. 
A recent international consensus statement on the peri-
operative management of anemia and iron deficiency 
in adults emphasises the timely recognition of anemia 
and the introduction of iron therapy as a treatment 
option in those presenting for surgery with an absolute 
or functional iron deficiency anemia [7]. The National 
Institute for Health and Care Excellence (NICE) has also 
published guidelines to assist in the implementation of 
pathways for the screening of high-risk patients, and for 
the diagnosis and treatment of anemia in adults prior to 
elective major surgery [8].  

The diagnosis and treatment of preoperative anemia is 
a key component in national Patient Blood Management 
programmes, which aim to reduce unnecessary and 
inappropriate perioperative blood transfusion [9]. Despite 
the considerable evidence base in adults, and initiatives to 
optimize preoperative hemoglobin concentration, there 
is limited published data on the effects of preoperative 
anemia, blood transfusion, and outcomes in children. 
In the same retrospective study of data from the ACS 
NSQIP, preoperative anemia was shown to be associated 
with higher odds for inpatient mortality (OR 2.17; 95% 
CI, 1.48–3.19; p < 0.001). After propensity matching, 
the presence of anemia was also associated with higher 
odds of inpatient mortality (OR 1.75; 95% CI, 1.15–2.65; 
p = 0.004) [4]. In a separate retrospective study of the 
ACS NSQIP database, of the 2,764 neonates undergoing 
surgery, a third (32.3%) were found to be anemic. This was 
noted to be an independent risk factor for mortality [10]. 
In another study using the same database, 6.987 children 
who had received a blood transfusion were propensity 
matched against controls. Children receiving more than 40 
mL/kg of red blood cells were found to have a significantly 
higher 30-day mortality as well as an increased incidence 
of postoperative infections in a dose dependent manner 
with increasing transfusion volumes [11].

The aims of the study were to determine the prevalence 
of preoperative anemia in infants and children presenting 
for non-cardiac surgery at our institution and to establish 
whether the presence of preoperative anemia increased 
the likelihood of perioperative blood transfusion.

MATERIALS AND METHODS

Following institutional research and audit ethical 
approval, all infants and children (<18 years) scheduled 
for elective and emergency non-cardiac surgery at our 

institution over a two-week period were included in 
the study, with blood transfusion events collected up 
to 28 days postoperatively. Exclusion criteria included 
patients having non-interventional procedures, such 
as radiological scans or superficial laser surgery, and 
patients in whom a recent hemoglobin concentration 
result (within 28 days of surgery) was not available. 
The following data were collected: age at surgery, 
ASA grade, weight, type of surgery and surgical grade, 
laboratory hemoglobin concentration within 28 days 
of surgery, severity of anemia if present and whether a 
blood transfusion had been administered within 28 days 
of surgery. Anemia was defined according to the World 
Health Organisation (WHO) normal reference range 
for age [12]. In the absence of a WHO reference range 
for infants less than six months of age, the institution’s 
haematology laboratory reference range was used in 
accordance with international values (Table 1). The 
incidence of blood transfusion was determined using the 
institution’s blood transfusion records. 

Statistical analysis was performed using GraphPad 
Prism version 7.00 for Mac OS X, GraphPad software, 
La Jolla, California, USA, and Microsoft Excel (Microsoft 
Corp). Continuous variables are expressed as means and 
standard deviations (SD) or medians and interquartile 
ranges, and categorical variables as numbers and 
percentages. A two-sided Fisher’s Exact Test was used 
to compare the transfusion rates in anemic and non-
anemic patients and to analyze anemia and transfusion 
according to the ASA grade and surgical grading of the 
patient. A Chi Square Test for Trend was used in the 
analysis of the severity of anemia and transfusion rates 
in patients over six months of age. The absence of an 
anemia severity sub classification in patients less than six 
months of age resulted in their exclusion from statistical 
analysis determining associations with receiving a blood 
transfusion with the severity of anemia. 

RESULTS

A total of 723 patients underwent elective or 
emergency non-cardiac surgery during the two-week 
study period. Almost half (46.2%) of patients had a 

Table 1: Institutional hemoglobin concentration reference 
ranges for neonates and infants up to six months of age (Great 
Ormond Street Hospital) 

Age (Days) Hemoglobin (g/L)

0–2 135–195

3–4 145–225

5–8 135–215

9–21 125–205

22–35 100–180

36–63 90–140

64–168 100–135
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hemoglobin measurement taken within 28 days of their 
surgery and were included in the study (n = 334). Of 
the patients studied, 49.7% (n = 166) were found to 
have preoperative anemia (hemoglobin concentration 
below their age specific normal reference range). The 
mean age was 3.2 years (SD 4.1) and there was a similar 
distribution of ages in both the anemic and non-anemic 
groups (Figure 1). The proportion of anemic patients 
was similar between all age groups (Figure 2). The mean 
weight for anemic patients was 24.21 kg (SD 2.5) and 
24.67 kg (SD 2.4) for non-anemic patients. 

Perioperative blood transfusion occurred in 5.4% 
of the non-anemic patients compared to 19.9% of 
anemic patients (OR 4.38; 95% CI, 2.10–9.53; p < 
0.0001). The majority of patients were ASA 3–4 
(73.95%) with the remainder being ASA 1–2 (26.0%). 
The prevalence of anemia increased with ASA severity, 
with over half (56.7%) of the ASA 3–4 patients being 
anemic, compared to 29.9% of ASA 1–2 patients (OR 
3.07; 95% CI, 1.85–5.27; p < 0.0001) (Figure 3). Blood 
transfusion occurred more often in anemic than non-
anemic patients in both ASA 1–2 patients (11.5% vs 
3.3%; OR 3.85; 95% CI 0.73–22.36; p = 0.15) and ASA 
3–4 patients (21.4% vs 6.5%; OR 3.89; 95% CI 1.72–
9.76; p = 0.001) (Figure 4).

The majority of cases were scheduled for elective 
surgery (n = 296) with the remainder being emergency 
cases (n = 38). All procedures undertaken were stratified 
into surgical grades [13], with 28.4% being classified as 
minor, 38.6% intermediate, and 32.9% major or complex 
(Table 2). The proportion of anemic patients undergoing 
minor, intermediate and major/ complex surgery was 
68.4, 48.4, and 34.2%, respectively. Transfusion occurred 
more often in anemic patients then non-anemic patients 
in all three surgical categories, for minor (20.0% vs 10.0%; 
OR 2.25 95% CI 0.62–7.87; p = 0.38), for intermediate 
(16.1% vs 3.0%, OR 6.15 95% CI 1.52–28.74; p = 0.01) 
and for major/complex (18.0% vs 5.5%; OR 3.89 95% CI 
1.09–12.43; p = 0.04).

Anemia severity was assessed in all patients older than 
six months of age in accordance with the WHO anemia 
severity criteria. The majority of anemic patients were 
classified as being moderately anemic (n = 110, 75.3%), 
with the remainder being either mildly or severely anemic 
(n = 33, 22.6% and n = 3, 2.1%, respectively).  As the degree 
of anemia severity increased, so too did the proportion 
of patients transfused, however these differences did not 
reach statistical significance (Chi Square Test of 1.301, p 
= 0.521). 

Figure 1: Age distribution of anemic and non-anemic patients.

Figure 2: Proportion of anemic patients within the different age 
groups.

Figure 3: Prevalence of anemia according to ASA grade.

Figure 4: Percentage of patients transfused according to ASA 
grade.
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Table 2: Surgical procedure grading 

Minor AaNAb Intermediate AaNAb Major or Complex AaNAb

LP/BMA 49 19 Tunnelled central line 14 22 Laparotomy        Obsrtuction
         0                 2

Chest drain 1 0 Gastrostomy 
insertion

7 6 Perforation 1 0

Cystoscopy 5 6 Hernia repair 1 1 Intersusspetion 0 1

circumcision 1 0 Pancreatic drain 0 1 Pelvic tumor 0 1

Wound debridement 3 0 Pyloromyotomy 1 0 Neuroblastoma 1 0

Joint injection 3 1 Peritoneal dialysis 
catheter

3 0 Renal mass 1 0

Esophageal 
dilatation

2 0 Orchidopexy 1 1 Nissens fundoplication 0 5

Grommets 1 0 Hypospadias repair 1 0 Congenital 
diaphragmatic hernia

0 1

Dental extractions 0 3 Lithotripsy 0 2 Tracheoesophageal 
fistula repair

0 1

Sclerotherapy 0 1 MLBc 7 6 Duhamel pull through 0 1

Adenotonsillectomy 1 2 Ileostomy 1 2

Cochlear implant 1 0 Pyeloplasty 2 4

Rhinoplasty 0 1  Adrenalectomy 0 1 

Gastro-endoscopy 12 16 Nephrectomy 0   2

Lensectomy 0 1 Ileocystoplasty 0   2

Hand and foot 
surgery

2 4 Bladder reconstruction 0 4

Spinal washout 1 0 Ureteric implantation 2 0

Bronchoscopy & 
bronchogram

5 3 Ureterostomy 0  1

Biopsy abdominal 
mass

1 0 Mitrofanoff 1 1

Renal 4 0 Basilic vein transposition 1 0

Splenectomy 3 0

Thyroidectomy 0 1

Angiography +/- 
intervention

9 12

Intracranial shunts 3 5

Decompression 
craniotomy

2 0

Intracranial tumor 
debulking

0 6 

Hemispherectomy 0 1

Spinal cord untethering 1 3

Rhizotomy 0 1

Spinal growth rods 0 2

Closure of 
myelomenigocele

0 1

Craniopharyngoma cyst 0 1

Maxillary osteotomies 0 1

Monobloc 1 0

Cranial vault expansion 1 0
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DISCUSSION

This study has shown that preoperative anemia is 
common in infants and children presenting for non-
cardiac surgery at our institution, with anemia being 
present in almost half of patients in whom a preoperative 
hemoglobin concentration was available. The majority 
of patients at our institution were classified as being 
ASA score 3 or above and the prevalence of anemia was 
significantly higher in this group. A high proportion of 
patients undergoing minor procedures were found to be 
anemic and this represents hematological or oncological 
patients undergoing lumbar puncture or bone marrow 
aspiration (Table 2). In an analysis of 51,622 pediatric 
surgical patients aged 1–18 years from the ACS NSQUIP 
database, the prevalence of preoperative was found to be 
24.3% [4], indicating the prevalence of anemia will vary 
according to institutional pediatric surgical populations.

This study also demonstrated that children with 
anemia who underwent surgery were significantly more 
likely to receive a blood transfusion within 28 days of 
surgery than those who were not anemic preoperatively. 
Transfusion rates was significantly higher for anemic 
patients in both ASA 1-2 and ASA 3-4. The complexity of 
surgery also influenced the transfusion rates for anemic 
patients, being significantly more likely to receive blood 
if undergoing intermediate and major surgery with no 
significant difference being seen for patients undergoing 
minor procedures. No significant difference in transfusion 
rates was identified in patients over six months of age 
with mild, moderate, or severe anemia although the 
proportion transfused increased with greater severity of 
anemia. 

Transfusion of allogenic blood is historically the 
treatment option of choice for perioperative anemia, 
but this has been shown to increase the risk of adverse 
outcomes, and should no longer be considered the 
first response to anemia. Faraoni et al. demonstrated 
an association between preoperative anemia and an 

increased risk for in-hospital mortality [4]. This study 
also demonstrated that both anemic and non-anemic 
patients who received a blood transfusion had higher 
mortality rates, with the highest risk seen in anemic 
patients. In another study it was shown that pediatric 
patients receiving a blood transfusion had an increased 
30-day mortality and there was a correlation between the 
volume of blood transfused and adverse outcomes [11].

It is clear that preoperative anemia is a potentially 
modifiable risk factor for both blood transfusion and 
adverse outcomes after surgery. Diagnosis, investigation, 
and management should therefore be made a priority. 
There are NICE and NHS Blood and Transplant guidelines 
for the implementation of patient blood management 
programs in adults. Together with international consensus 
on the management of preoperative anemia, these provide 
clear guidance with regard to patient selection, diagnostic 
approaches to iron deficiency anemia, and appropriate 
treatment options for adults. However, these guidelines 
cannot easily be applied to infants and children. Patient 
Blood Management guidelines for neonatal and pediatric 
patients from the National Blood Authority of Australia 
recommend that in surgical patients in whom substantial 
blood loss is anticipated, preoperative anemia and iron 
deficiency should be identified, evaluated, and managed 
to minimize blood transfusion [14]. This includes the 
recommendation to evaluate patients as early as possible 
in order that surgery can be scheduled to coordinate with 
the optimization of the patient’s hemoglobin and iron 
stores. Treatment recommendations include oral iron 
therapy for those whose surgery is scheduled 6–8 weeks 
after a diagnosis of iron deficiency. 

A challenge to the study of preoperative anemia in 
pediatrics is the fact that there is little consensus as to 
how anemia is defined in this patient population, with 
different definitions being used within the literature. 
We employed the WHO criteria for hemoglobin using 
g/L. Faraoni et al. utilized Hct (%) based upon reference 
values from Nathan and Oski’s. Hematology of Infancy 

Minor AaNAb Intermediate AaNAb Major or Complex AaNAb

Frontal orbital 
remodelling

0 1

Calvarial remodeling 0 1

Cranial vault springs    3 0

Cleft surgery 2 1

Osteotomies long bone 
/hip

1 3

Chest exploration 0 1

Biopsy brain 1 2

AVMd 0 1

Lung 1 0
aAnemic patients, bNon-anemic patients, cMicrolaryngoscopy and bronchoscopy, dArteriovenous malformation

Table 2: (Continued)



Edorium Journal of Anesthesia, Vol. 5, 2019.

Edorium J Anesth 2019;5:100019A05II2019. 
www.edoriumjournalofanesthesia.com

Ioannou et al. 6

and Childhood to define anemia. Furthermore, the 
classification of anemia by aetiology, including absolute 
iron deficiency and functional iron deficiency, also varies 
between guidelines and within the literature [15]. 

Anemia in the pediatric population is a global condition 
with variable geographical etiology and prevalence. Iron 
deficiency is the most common cause of anemia globally 
especially in children less than five years of age. Screening 
for anemia and iron deficiency in adults, as outlined by the 
international consensus statement on the perioperative 
management of anemia and iron deficiency, relies 
initially on serum analysis of hemoglobin concentration, 
ferritin and transferrin saturation (TSAT), and C-reactive 
protein. Current recommendations for screening for 
anemia and iron deficiency in children within the 
general pediatric population vary according to different 
professional health bodies. In the United States, the 
Centres for Disease Control and Prevention recommends 
screening high-risk patients at 9–12 months of age, six 
months later and annually thereafter between 2 and 5 
years of age [16].  According to the Institute of Medicine, 
full term infants who are breast fed or who do not receive 
iron fortified formula milk should be screened at nine 
months of age [17]. The American Academy of Pediatrics 
recommends universal screening for anemia at 12 months 
of age and selective screening at any age in children who 
are at increased risk for iron deficiency or iron deficiency 
anemia [18]. In contrast, the US Preventative Task Force 
have recently published a review of evidence indicating 
that there is no benefit in screening and treating low-
risk children aged 6–24 months [19]. Despite these 
varying and often conflicting recommendations, the 
prevalence of preoperative anemia in infants and 
children as highlighted in our study suggests that a 
discussion of the ethics and practicalities of screening in 
children is warranted. At the same time, it is important 
that any initiatives to develop a pediatric patient blood 
management program to facilitate the identification of 
preoperative anemia and its treatment should include a 
thorough analysis of appropriate patient selection and 
consider the implications of introducing a screening 
program that would necessarily involve a blood test. The 
use of non-invasive hemoglobin testing devices, may be 
an alternative way of screening for preoperative anemia, 
with formal laboratory blood tests being conducted if 
anemia is detected. 

Intravenous iron therapy is recommended for adult 
patients whose surgery is scheduled within six weeks of 
diagnosis or who do not respond to oral iron therapy. 
This includes patients diagnosed with functional iron 
deficiency where despite body stores of iron being within 
normal limits, functional utilization is limited by the 
effects of inflammation or infection. There is on-going 
research into the efficacy and safety of intravenous 
iron preoperatively in adult surgical patients [20]. 
Modern intravenous iron preparations, such as ferric 
carboxymaltose and iron sucrose, have much improved 
safety profiles compared to older preparations, such 

as high molecular weight iron dextrans [21]. Currently 
iron dextran and ferric carboxymaltose are unlicensed 
for use in children under 14 years, while iron sucrose is 
not licensed for use in children, in the United Kingdom 
[22]. In our institution, ferric carboxymaltose infusions 
are used in the management of iron deficiency anemia in 
children with inflammatory bowel disease between the 
ages of 6–14 years and in patients receiving renal dialysis.

There are a number of limitations with our study, 
including the relatively short duration of data collection 
and the unique patient population at a single institution. 
As a specialist tertiary referral centre, the patients 
presenting for surgery are generally complex with multiple 
co-morbidities. Routine measures of hematinics including 
Ferritin and TSAT are not performed and we were 
therefore unable to classify the type of anemia present. 
Although transfusion data were collected prospectively, 
preoperative blood test results were collected 
retrospectively, and those patients without preoperative 
hemoglobin results were excluded as a potentially 
confounding factor. Additionally, there may have been 
other reasons besides hemoglobin concentration that 
influenced the decision to transfuse blood which were not 
recorded, for example, the early recognition of surgical 
blood loss. Despite these limitations, our study has 
highlighted the fact that preoperative anemia is common 
among infants and children presenting for surgery at our 
institution and that its presence increases the likelihood 
of perioperative blood transfusion. With the growing body 
of evidence of the prevalence of preoperative anemia in 
children, and its associated increase in the likelihood of 
receiving a blood transfusion, it is clear that strategies 
are needed to reduce the associated risk.  Providing a 
robust system of identifying high-risk patients in a timely 
manner and offering alternatives to blood transfusion so 
as to optimize hemoglobin concentration is becoming 
apparent within pediatric perioperative practice. Focus 
should now concentrate on elucidating the etiology of 
preoperative anemia in pediatric patients and further 
research is needed to determine whether the pediatric 
population would benefit from preoperative screening 
and optimization with iron therapy to treat functional or 
absolute iron deficiency anemia. 

CONCLUSION

This study adds to the published evidence showing 
that preoperative anemia is frequent in the neonatal and 
pediatric surgical population and that this is associated 
with a significantly higher risk of perioperative blood 
transfusion. Patients who are anemic having more 
complex surgery are more likely to receive a blood 
transfusion then non-anemic patients having similar 
surgery. Further research is required in order to 
determine whether preoptimization of anemia in infants 
and children can reduce the risk of perioperative blood 
transfusions and improve outcomes after surgery. 
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