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Abstract

Background Tetralogy of Fallot (TOF) is a common cyanotic congenital heart malformation that carries a high risk
of right-to-left shunting. Anemia is characterized by decreased hemoglobin (Hb) levels that can affect tissue oxygen
delivery and impact postoperative recovery in patients. Chronic hypoxia caused by right-to-left shunting of TOF
could lead to compensatory increases in Hb to maintain systemic oxygen balance. This study aims to investigate
whether preoperative Hb and blood oxygen saturation (SpO2) can predict adverse outcomes in children undergoing
corrective surgery for TOF.

Methods This retrospective study included patients under 18 years of age who underwent corrective surgery for
TOF at Fuwai Hospital between January 2016 and December 2018. Adverse outcomes, including in-hospital death,
extracorporeal membrane oxygenation implantation, ICU stay > 30 days, and severe complications, were considered
as the primary outcome. Univariable and multivariable logistic analyses were performed to identify independent
risk factors for adverse outcomes. Propensity score-matched (PSM) analysis was also conducted to minimize the
confounding factors.

Results A total of 596 children were included in the study, of which 64 (10.7%) experienced adverse outcomes.
Hb*SpO2 < aaHb was identified as an independent risk factor for adverse outcomes (OR=2.241, 95% Cl=1.276-3.934,
P=0.005) after univariable and multivariable logistic analyses. PSM analysis further confirmed the association between
Hb*SpO2 < aaHb and adverse outcomes. Patients with Hb*SpO2 < aaHb had a significantly higher incidence of
postoperative adverse outcomes, longer time of mechanical ventilation, and hospital stay, as well as higher in-hospital
costs.
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Conclusions Hb*SpO2 < aaHb is significantly associated with adverse outcomes in children undergoing corrective
surgery for TOF. Clinicians can use this parameter to early identify high-risk children and optimize their postoperative

management.
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Background

Tetralogy of Fallot (TOF) is a common cyanotic congeni-
tal heart defect (CHD) and characterized by ventricu-
lar septal defect, pulmonary artery stenosis, overriding
aorta, and right ventricular hypertrophy [1]. Despite the
significant innovations and advancements in surgical
technique, organ protection, and medical management
that have made patients can benefit from TOF repair
surgeries in the past decades, postoperative complica-
tions still impose a great burden on morbidity and mor-
tality, including heart failure, malignant arrhythmia,
low cardiac output syndrome, respiratory failure, severe
renal failure and so on. Early identification of patients at
high-risk of adverse outcomes is crucial for clinicians to
provide comprehensive medical management and opti-
mize resource allocation. Anemia is a common condition
among patients undergoing cardiac surgery, decreased
hemoglobin (Hb) levels can compromise tissue oxygen
delivery, leading to tissue hypoxia and organ dysfunction
[2]. Patients with TOF are at risk of right-to-left shunting,
which can cause tissue hypoxia and present with cyano-
sis. Chronic hypoxia can trigger compensatory increases
in Hb levels to maintain systemic oxygen homeostasis
[3]. Preoperative Hb and SpO2 are all cheap and simple-
to-obtain parameters in clinical routine. Therefore, we
hypothesize that preoperative Hb and oxygen saturation
(SpO2) levels may serve as predictors for postoperative
adverse outcomes in children undergoing corrective sur-
gery for TOF.

Methods

This is a retrospective observational study and the report
meets the requirements of Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
statement (seen in Additional file 1). The study received
approval from the Ethics Committee of the Chinese
Academy of Medical Sciences Fuwai Hospital (NO.2023—
2045), with a waiver of informed consent. All procedures
were conducted in line with Fuwai Hospital regulations
and guidelines. The methods conformed to the standards
of the Institutional Ethics Committee, as well as the Dec-
laration of Helsinki of 1964 and its amendments. The
study included patients (age<18 y) who underwent cor-
rective surgery for TOF at Fuwai Hospital between Janu-
ary 2016 and December 2018. Patients were excluded if
they met any of the following criteria: (1) missing data
for preoperative Hb and SpO2; (2) confounding factors
related to adverse outcomes, such as previous palliative

surgery, complex cardiac defects (e.g., complete endocar-
dial cushion defect, double-outlet right ventricle, right
ventricular outflow tract stenosis, pulmonary hyper-
tension), or combined with the genetic syndrome; (3)
abnormal ventilation, including preoperative mechani-
cal ventilation or ventilation with laryngeal mask dur-
ing surgery; (4) emergency surgery. Data associated
with surgeries were collected from the electric medical
record system. The basic demographic data included ges-
tational age, surgical age, sex, weight, height, body sur-
face area (BSA), blood oxygen saturation (SpO2), cardiac
defects, American Society of Anesthesiologists Physical
Status Classification (ASA class), and blood routine test
results. BSA was calculated by the following formula-
tion: BSA=0.0061 X height [cm]+0.0128 x weight [kg]
—0.1529. The operative data included cardiopulmonary
bypass (CPB) time, aortic cross-clamp (ACC) time, mini-
mum temperature (T,;,) during CPB, blood loss, and
transfusion and infusion volumes. All patients were fol-
lowed up until discharge, researchers also need to record
postoperative outcomes.

Chronic hypoxia can lead to a reactive increase of
hemoglobin (Hb) to maintain the tissue oxygen sup-
ply. Since the physical dissolved oxygen is rare, we used
non-invasive oxygen saturation (SpO2) to calculate arte-
rial oxygen content (CaO2). The formulation of CaO2 is:
Ca02(ml/dl)=1.39(ml/g) x Hb(g/dl) x SpO2(%)-+100.
Due to the risk of right to left shunt for TOF patients,
they might experience chronic hypoxia and exhibit
cyanosis. We hypothesize that if preoperative Hb can
sufficiently compensate for hypoxia and achieve an ade-
quate CaO2 level (1.39 * Preoperative Hb * preopera-
tive Sp0O22>1.39 * Normal Hb * normal SpO2), the risk
of postoperative adverse outcome could be significantly
reduced. The normal Hb (aaHb) value varies by age, with
the lower limits for neonatal hemoglobin being 14.5 g/d],
2 months being 9 g/dl, 6 months being 10.5 g/dl, 2 years
being 11.5 g/dl, adolescent girls being 12 g/dl, and ado-
lescent boys being 13 g/dl. The normal range for SpO2
is 95-100%, the maximum value of SpO2 (100%) was
used to calculate the normal CaO2. Finally, we simpli-
fied the formulation and hypothesized that preoperative
Hb * SpO2 <aaHb could be associated with postoperative
adverse outcomes in children with TOF.

The adverse outcome was selected as the primary out-
come and which is a composite outcome, it was defined
as in-hospital death, extracorporeal membrane oxygen-
ation implantation, intensive care unit (ICU)>30 days,
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severe complications that were life-threatening [4],
including extubation failure, thromboembolic events,
significant cardiac disorders, severe cerebrovascular
accident, and severe renal failure. Extubation failure was
defined as an extubation failure within 120 h after sur-
gery or reintubation within 24 h after extubation. The
secondary outcomes included mechanical ventilation
time, acute kidney injury (AKI), length of ICU stay, post-
operative hospital stay and hospital stay, and hospital
costs. The definition of AKI was based on postoperative
creatinine levels exceeding 1.5-fold of the baseline level.

Statistical analysis

Continuous variables were presented as medians with
25th and 75th percentiles and compared by Mann-Whit-
ney U test. Categorical variables were presented as fre-
quencies and percentages and compared by Chi-squared
test. Univariable and multivariable logistic regression
analyses were performed to identify independent risk
factors for adverse outcomes. As multivariate logistic
regression typically requires a minimum of 5-10 positive
events per variable [5, 6], this study has a sufficient sam-
ple size for the multivariate analysis. A collinearity test
was conducted before multivariate analysis, and variables
with tolerance<0.1 or VIF>10 show that there is a col-
linearity relationship between variables. Variables with a
P-value<0.1 in the univariable analysis or those deemed
clinically relevant were included in the multivariable
regression model using forward selection. Additionally,
propensity score-matched (PSM) analysis was conducted
to minimize the influence of confounding factors. The
PSM was performed with a match tolerance of 0.01 and
a matching ratio of 1:1 by nearest neighbor matching. All
statistical analyses were performed by SPSS software ver-
sion 25.0 (IBM, Armonk, NY, USA), and P-value<0.05
was considered statistically significant.

Results

The workflow of the study is depicted in Fig. 1. 782 chil-
dren underwent corrective surgery for TOF in Fuwai
Hospital during the past 3 years. After the exclusion cri-
teria, 596 patients were included in this study, of which
64 patients were in adverse outcomes and 532 patients
were in the normal group. Additional file 2 described a
summary of adverse outcomes and 4(0.6%) died in the
hospital. We divided patients into two groups according
to Hb*SpO2 <aaHb and Hb <aaHb (Table 1), respectively,
Hb*SpO2<aaHb are associated with a higher incidence
of adverse outcome (15.2% vs. 7.2%, P<0.05).

To explore the relationship between Hb * SpO2<aaHb
and adverse outcomes after TOF corrective surgery,
we divided patients into two groups based on adverse
outcomes. Table 2 presented a descriptive result of all
patients(n=596), of which 363(60.9%) were male and
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65(10.9%) were ASA class>III. The median surgical
age was 9.6(6.9,14.7) months, the median weight was
8.5(7.5,10.0) kg, and the median height was 70(66,76)
cm. The intraoperative results were as follows: 114 chil-
dren underwent transannular patch(TAP) surgical tech-
nique and the others underwent valve-sparing technique,
the median CPB and ACC time were 98(83,122) and
68(55,86) minutes, and with a minimum temperature of
30(28,30) °C. Compared with the patients with good out-
comes, the patients with adverse outcomes were younger,
shorter, weighed less, and had a lower BSA, SpO2, and
absolute lymphocyte count, besides, they also had a lon-
ger CPB and ACC time, and lower minimum tempera-
ture. Importantly, patients with adverse outcomes had a
higher incidence of Hb*SpO2 <aaHb than patients in the
normal group (62.5% vs. 41.9%, P=0.002).

Variables with P<0.1 in univariate analysis or the clini-
cally relevant were included into the multivariate logistic
analysis. After the collinearity diagnostics, we eventu-
ally included age, PDA, SpO,<90%, Hb*SpO2<aaHb,
CPB time, ACC time, T ;,, Hb, lymphocyte and TAP
into the multivariable analysis. Finally, SpO2<90%,
Hb*SpO2<aaHb, ACC time, and TAP were significantly
associated with adverse outcomes. The OR value and 95%
confidence intervals (CI) of all variables were shown in
Table 3.

To further control the confounding factors, we
conducted a one-to-one PSM, and 86 cases with
Hb*SpO,<aaHb were matched with 86 cases with
Hb*SpO,>aaHb (Table 4). The standardized mean dif-
ference of covariates was less than 10% and showed a
good PSM matching. The basic characteristics of patients
were not statistically different after PSM. The adjusted
cohort was used to compare the postoperative outcomes
(Table 5). Patients with Hb*SpO2<aaHb had a signifi-
cantly higher incidence of adverse outcomes (15.1% vs.
4.7%, P<0.05), meanwhile, the length of hospital stay
and in-hospital cost were also statistically higher than
those with Hb*SpO2>aaHb. Although the incidence of
AKI between the two groups was not statistically signifi-
cant, patients with Hb*SpO2 <aaHb were still nominally
higher.

Discussion

CHD is the most common congenital malformation and
can be classified into cyanotic and non-cyanotic CHD.
TOF is a typical example of cyanotic CHD, account-
ing for 7-10% [7]. With the progress of the disease, the
obstruction of the right ventricular outflow tract wors-
ened, the resistance of pulmonary circulation was greater
than systemic circulation and which would induce the
right to left shunt, allowing the unoxygenated blood
flow directly enter the systemic circulation and resulting
in cyanosis, SpO, decreased, and systemic hypoxia [8].
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782 patients(age<18) with TOF

Excluded 186 patients:
1) missing data n=142

2) confounding factors n=52
3) abnormal ventilation n=3
4) emergency n=3

596 patients

for analysis

Hb*SpO, < aaHb & outcomes

Good outcome n=532

Adverse outcome n=64

|

Univariable and multivariable analyze

4 independent risk factors

PSM

Hb * SpO2 < aaHb n=86

Hb * SpO2 > aaHb n=86

I

Postoperative outcome

Fig. 1 The Flowchart of the study

TOF, Tetralogy of Fallot; Hb, hemoglobin; SpO2, blood oxygen saturation; aaHb, normal Hb; PSM, Propensity score-matched

Currently, corrective surgery is the primary treatment
for TOE. Despite significant advancements in cardiac sur-
gery technology, postoperative complications following
TOF surgery remain a significant focus of perioperative
management. Anemia is a common condition [9] among
patients undergoing cardiac surgery and can impact
oxygen-carrying capacity and tissue oxygenation [10],
which would affect postoperative recovery. However, lim-
ited research has been conducted on anemia in pediatric

CHD, and this study aims to explore whether preopera-
tive anemia can predict adverse outcomes following pedi-
atric corrective surgery for TOF.

As we know, Hb combines with oxygen of blood to
form oxygenated Hb, which could transport oxygen to
tissue cells and maintains a normal oxygen metabolic
homeostasis. Due to the risk of right to left shunt in TOF
patients, it would lead to cyanosis and chronic hypoxia
as the condition worsen [11]. Chronic hypoxia triggers a
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Table 1 Association of preoperative hemoglobin with postoperative outcomes in patients
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Adverse Outcomes Hb <aaHb Hb>aaHb P Hb * Sp0O2 <aaHb Hb * Sp0O2 >aaHb P
(n=152) (n=444) (n=263) (n=333)
Death 1(0.7%) 1(0.2%) >0.999 3(1.1%) 1(0.3%) 0.326
ECMO placement 1(0.7%) 2(0.5%) >0.999 2(0.8%) 1(0.3%) 0.586
ICU>30d 1(0.7%) 5(1.1%) >0.999 1(0.4%) 5(1.5%) 0.236
Extubation failure 8(5.3%) 18(4.15%) 0.498 16(6.1%) 10(3%) 0.072
Thromboembolic events 2(1.3%) 6(1.4%) >0.999 3(1.1%) 5(1.5%) >0.999
Significant cardiac disorders 5(3.3%) 7(1.6%) 0.194 8(3%) 4(1.2%) 0.112
Severe renal failure 3(2%) 14(3.2%) 0.58 11(4.2%) 6(1.8%) 0.09
Adverse outcomes 21(13.8%) 43(9.7%) 0172 40(15.2%) 24(7.2%) 0.002"
Variables are expressed as frequency (percentage). ECMO, Extracorporeal Membrane Oxygenation; ICU, intensive care unit
Table 2 The demographic and perioperative information in patients
Variables All patients Good outcome Adverse outcome P
(n=596) (n=532) (n=64)
Demographics
Gestational age (m) 39(38,40) 39(38,40) 38.6(38,40) 0.206
Age at surgery (m) 9.6(6.9,14.7) 9.7(6.9,15.2) 8.1(6.7,11.5) 0.04"
Sex (M/F) 363/233 320/212 43/21 0.276
Weight (kg) 8.5(7.5,10.0) 8.7(7.5,10) 8(79.2) 0019
Height (cm) 70(66,76) 70(66,76) 68.5(63.3,72.8) 0026
BSA (m?) 0.39(0.35,043) 0.39(0.35,043) 0.37(0.33,041) 0018’
SpO, <90% 325(54.4%) 276(51.9%) 49(76.6%) <0.001"
ASA class > Il 65(10.9%) 56(10.5%) 9(14.1%) 0.394
Concomitant cardiac defects
ASD, n (%) 63(10.6%) 56 (10.5%) 7 (10.9%) 0919
PDA, n (%) 62(10.2%) 50 (9.4%) 12 (18.8%) 0.021°
PFO, n (%) 168(28.2%) 155 (29.1%) 13 (20.3%) 0.138
PLSVC, n (%) 22(3.7%) 19 (3.6%) 3(4.7%) 0.721
Blood-routine parameter
WCC (10°/1) 9.59(7.99,11.88) 9.67(8.01,11.91) 9.23(7.61,11.59) 0237
ANC (10%/L) 240(1.73,3. 53) 2.38(1.72,3.49) 262 (1.77,3.90) 0213
ALC (10%/L) 6.03(4.55,7.76) 6.07(4.62,7.83) 54(3.75,7.21) 0019
AMC (10%/L) 0.57(0.44,0.74) 0.57 (0.44,0.74) 0.57(0.45,0.74) 0923
Hb (g/L) 13.0(11.3,14.6) 13.0(11.3,14.6) 12.9(10.8,14.7) 0.745
PLT (109/L) 312(247,391) 314(253,390) 299(210,392) 0.113
Hb * SpO2 <aaHb 263(44.1%) 223(41.9%) 40(62.5%) 0.002"
Intraoperative data
TAP/VS 114/482 90/442 24/40 <0.001
CPB time (min) 98(83,122) 97(82,119) 114(94,141) <0.001"
ACC time (min) 68(55,86) 67(55,85) 80(63,102) <0001"
Tn (C) 30(28,30) 30 (28,30) 29 (28, 30) 0.005
Blood loss (ml) 30(20,40) 0 (20, 40) 30 (20, 50) 0578
Transfusion of RBC (ml) 30(20,40) 30 (20, 40) 30 (20, 50) 0.277
Infusion volume (ml) 60(50,80) 0 (50, 80) 65 (50, 85) 0.242

Continuous variables are presented as median with 25th and 75th; categorical variables are expressed as frequency (percentage). BSA, body surface area; SpO,,
blood oxygen saturation; ASA class, American Society of Anesthesiologists Physical Status Classification; ASD, atrial septal defect; PDA, patent ductus arteriosus;
PFO, patent foramen ovale; PLSVC, persistent left superior vena cava; WCC, white blood cell count; ANC, absolute neutrophil count; ALC, absolute lymphocyte count;
AMC, absolute monocyte count; Hb, hemoglobin levels; PLT, platelet counts; TAP, transannular patch; VS, valve-sparing; CPB, cardiopulmonary bypass; ACC, aortic

cross-clamp; T ,;,,, the minimum temperature; RBC, red blood cells

compensatory increase of red blood cells and hemoglo-
bin to maintain systemic oxygen balance [3]. Therefore,
we hypothesize that if there is a reactive increase of pre-
operative Hb could compensate for hypoxia and main-
tain an oxygen balance, the hypoxic damage to systemic

organs would be significantly reduced. Currently, there
are no universally accepted criteria for anemia in children
with CHD. Considering that the varying degrees of com-
pensatory erythrocytosis and age can influence Hb levels
in children, a fixed standard for anemia does not apply to
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Table 5 Outcomes of the patients in two groups after PSM

Variables Univariable analysis Multivariable analysis
OR (95%Cl) P OR (95%Cl) P
Age (m) 0.981(0.957,1.007) 0.149
PDA 2.225(1.114,4.444) 0.024
Sp0,<90%  0.943(0.924,0.964) <0.001 2427(1.296/4.547) 0.006
Hb * 3.030(1.658,5.537) <0.001 2.241(1.276,3.934) 0.005
SpO2 <aaHb
CPB time 1.004(1.000,1.008)  0.067
(min)
ACCtime 1.018(1.008, <0.001 1.017(1.007,1.027) 0.001
(min) 1.027)
T on (C) 0.816 (0.710, 0.004
0.938)
Hb (g/L) 1.001(0.991,1.010) 0878
ALC (10%/L) 0.875(0.779,0.982) 0.023
TAP 2.947(1.692,5.130) <0.001 2573(1.440,4.596) 0.001

OR, odds ratio; Cl, confidence interval; PDA, patent ductus arteriosus; SpO,,
blood oxygen saturation; Hb, hemoglobin; CPB, cardiopulmonary bypass; ACC,
aortic cross-clamp; T .,i,,, the minimum temperature; ALC, absolute lymphocyte
count; TAP, transannular patch

CHD patients. The increase of red blood cell is negatively
correlated with resting SpO2 [3, 12], Thus, we consider a
preoperative Hb*preoperative SpO2 value lower than the
normal Hb range as an indication of insufficient Hb con-
centration to maintain adequate oxygen supply and could
be considered as anemia.

Several studies have demonstrated that preoperative
anemia can increase morbidity and mortality, prolong
ICU and hospital stay times in adult cardiac surgery [13,
14]. The pathophysiology basis of anemia is the reduction
of oxygen-carrying capacity for Hb, which can result in
tissue hypoxia and organ dysfunction [15]. Karkouti et
al. found that anemia can affect the renal oxygen supply,
aggravate oxidative stress reactions, and ultimately lead
to acute kidney injury [16]. In our study, although the
incidence of AKI was not statistically significant, patients
with Hb*SpO2<aaHb still exhibited a nominally higher
incidence than those with Hb*SpO2>aaHb (19.8% vs.

Outcome Hb * Hb * P
SpO2<aaHb SpO2=aaHb
(n=86) (n=86)
Adverse outcomes 13(15.1%) 4(4.7%) 0.021"
MV time (h) 19(10,25) 14.5(8,28) 0.348
AKI 17(19.8%) 12(14%) 0.309
LOIS (d) 2(1,4) 2(1,4) 0.756
LOHS (d) 15(12,19) 14(12,17) 0.046"
LOPS (d) 9(7,11) 9(7,12) 0.702
Cost (¥ 1000) 80.6(70.6,85.3) 72.8(63.7,84.4) 0.039"

Continuous variables are presented as median with 25th and 75th; categorical
variables are expressed as frequency (percentage). MV, mechanical ventilation;
AKI, acute kidney injury; LOIS, length of ICU stay; LOHS, length of hospital stay;
LOPS, length of postoperative hospital stay

14.0%, Table 5). Apart from as a new standard for ane-
mia in TOF children, Hb*SpO2<aaHb can also assist
to reflect the balance of oxygen supply and demand.
Under normal physiological conditions, oxygen delivery
and consumption maintain a dynamic equilibrium [17].
When oxygen delivery gradually decreases to a certain
extent, oxygen consumption also decreases, which can
exacerbate hypoxic damage to systemic organs, particu-
larly vulnerable tissues such as the brain, kidneys, and
myocardial cells. Tissue oxygen delivery is directly related
to Ca02, which primarily depends on Hb [18]. Accord-
ing to methodological descriptions, we used SpO2 to cal-
culate CaO2(as mentioned above in Methods), and the
simplified formulation of Hb*SpO2<aaHb could reflect
CaO2 is insufficient to maintain a systemic metabolic
balance, which could increase the incidence of adverse
outcomes, prolonged mechanical ventilation time, and
hospital stay time. Moreover, anemia can trigger a series
of compensatory reactions [19], such as tachycardia,
vasodilation, increased cardiac output, etc. Patients who
underwent cardiac surgery have a limited cardiac reserve
capacity, the reduced oxygen delivery or increased oxy-
gen consumption can lead to cardiac ischemia and

Table 4 The demographic and perioperative data before and after PSM

Variables Before PSM After PSM

Hb * Sp02 Hb * Sp0O2 P Hb * Sp0O2 Hb * Sp02 P

<aaHb >aaHb <aaHb >aaHb

(n=263) (n=333) (n=86) (n=86)
Age (m) 9.1(6.9,12.9) 99(7,17.4) 0.038 9.6(7.2,174) 9.9(6.2,13.6) 0.337
PDA 32(12.2%) 30(9%) 0.21 8(9.3%) 10(11.6%) 0618
Sp0O2 <90% 174(66.2%) 151(45.3%) <0.001 43(50%) 51(59.3%) 0.22
Hb(g/L) 112(102,125) 140(130,157) <0.001 124(111,145) 135(122,141) 0.176
CPB time (min) 96(80,118) 100(85,124) 0.113 92(76,116) 106(80,132) 0.063
ACC time (min) 65(55,84) 70(56,88) 0.222 64(53,82) 70(54,94) 0.276
Tmin ('C) 30 (29, 30) 30 (28, 30) 0.057 30(29,31) 29(27,30) 0.126
TAP 46/217 68/265 0402 12/74 15/71 0.529

Continuous variables are presented as median with 25th and 75th; categorical variables are expressed as frequency (percentage). PSM, propensity score matching;
PDA, patent ductus arteriosus; SpO,, blood oxygen saturation; CPB, cardiopulmonary bypass; ACC, aortic cross-clamp; T ., the minimum temperature; TAP,

transannular patch
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elevate the risk of adverse events. Our results also con-
firmed this viewpoint in Table 5.

In this study, we retrospectively collected the perioper-
ative data of children after corrective surgery for TOFE. By
comparing the relationship between preoperative Hb and
clinical outcome, we found that Hb * SpO2<aaHb was
related to adverse outcomes (Table 1). Then we divided
patients into two groups according to the postoperative
outcome, Hb*SpO2<aaHb was recognized as the inde-
pendent risk factor for adverse outcomes after the uni-
variable and multivariable logistic analysis (OR=2.241,
95% CI=1.276-3.934, P=0.005). Finally, PSM was con-
ducted to further reduce the influence of confounding
factors, Hb * SpO2<aaHb was significantly associated
with a higher incidence of postoperative adverse out-
comes (Table 5). This conclusion was consistent with
other studies that preoperative anemia was linked with
poor prognosis [14, 20]. Therefore, Hb * SpO2<aaHb is
suitable to early identify patients at high risk of adverse
outcomes after TOF surgery. In addition, the elec-
tive repair surgery of TOF was proposed to conduct
between 3 and 12 months of age [21], whereas there are
392(65.8%) children in the study under 12 months old,
which may be due to the relatively poor economic level in
our developing country and some patients only go to the
hospital after experiencing severe symptoms. The in-hos-
pital mortality for TOF surgery is 0.6% (Additional file 2)
which is lower than other studies, which might be related
to the strict inclusion and exclusion criteria and the fact
that some patients died at home due to not receiving
treatment for financial reasons.

Preoperative Hb*SpO2<aaHb can early predict chil-
dren at high-risk of adverse outcomes for corrective TOF
surgery, optimizing SpO2 and Hb is important during
perioperative management. For high-risk children, clini-
cians need to comprehensively evaluate their condition,
engage in detailed preoperative discussions, and imple-
ment personalized medical management to optimize
perioperative conditions. Furthermore, preoperative
Hb*SpO2<aaHb can also be an alterable factor dur-
ing the perioperative period, clinicians can make efforts
to optimize preoperative Hb levels before surgery, like
limiting blood sampling and correcting coagulopathy to
reduce blood loss, providing oral or intravenous iron to
treat preoperative iron deficiency anemia, and even giv-
ing short-acting erythropoietin to further correct preop-
erative Hb levels if necessary. In addition, clinicians can
also take measures to further optimize Hb, such as blood
conservation techniques, sufficient hemostatic tech-
niques, anticoagulant drugs to reduce bleeding, rational
reduction of unnecessary intraoperative blood sampling
to avoid blood waste and so on [23, 24]. Additionally, for
children with severe hypoxia, clinicians can appropriately
increase the partial pressure of oxygen to enhance tissue
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oxygen delivery. Nevertheless, prospective multicenter
studies with larger sample sizes are necessary to deter-
mine whether the above measures can improve children’s
prognosis after corrective surgery for TOF in the future.

Limitations

The study also has some limitations. Firstly, this is a
single-center study that could induce selection bias and
the results may not be applicable to other centers. Sec-
ondly, due to the retrospective design, we are unable to
collect all the detailed information and control all con-
founding factors, Thirdly, we only explored the short-
term outcomes and did not make a long-term follow-up,
therefore, the relationship between Hb*SpO2 <aaHb and
long-term outcomes remains unclear.

Conclusion

Preoperative Hb * SpO2 <aaHDb is significantly associated
with adverse outcomes for children undergoing correc-
tive TOF surgery. Preoperative Hb * SpO2 is a cheap and
simple-to-obtain variable and clinicians can utilize it to
early identify children at high risk of poor prognosis.
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