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Background: Congenital heart disease(CHD) is a congenital malformation caused by abnormal development of the heart and large 
blood vessels, and left-to-right shunt CHD is a relatively common type. Surgical treatment has the problem of prolonged hospital stay 
in CHD patients. It is of great significance to explore the influencing factors of prolonged hospital stay after surgery therapy for 
children and adolescents with left-to-right shunt CHD.
Methods: A total of 463 children and adolescents with left-to-right shunt CHD who received surgery therapy were retrospectively 
analyzed. Medical records (gender, CHD types, echocardiography, invasive mechanical ventilation, blood transfusion, tracheal 
intubation, intraoperative blood loss, and length of hospital stay) were collected. The threshold for prolonged hospital stay was 
defined based on the third quartile (75th percentile) of length of hospital stay in all patients. The relationship between clinical features 
and prolonged hospital stay was analyzed.
Results: The mean length of hospital stay was 13.00 (7.00, 18.00) days, there were 330 (71.3%) patients with non-prolonged hospital 
stay (<18.0 days) and 133 (28.7%) with prolonged stay (≥18.0 days). There were statistically significant differences in the distributions 
of types of CHD (χ2=67.959, p<0.001), severity of mitral insufficiency (χ2=14.171, p=0.002) and pulmonary hypertension (χ2=49.611, 
p<0.001), and the proportion of treated with invasive mechanical ventilation (χ2=104.657, p<0.001), blood transfusion (χ2=117.649, 
p<0.001), and tracheal intubation (χ2=67.752, p<0.001) between CHD patients with prolonged and non-prolonged hospital stay. 
Multivariate logistic regression analysis showed that male (odds ratio(OR): 2.137, 95% confidence interval(CI): 1.278–3.574, 
p=0.004), compound types CHD (OR: 2.021, 95% CI: 1.178–3.469, p=0.011), pulmonary hypertension (OR: 3.179, 95% CI: 
1.537–6.572, p=0.002), invasive mechanical ventilation (OR: 4.069, 95% CI: 1.567–10.564, p=0.004), and blood transfusion (OR: 
5.128, 95% CI: 2.421–10.862, p<0.001) were independently associated with prolonged hospital stay.
Conclusion: Male, compound types CHD, pulmonary hypertension, invasive mechanical ventilation, and blood transfusion were 
independently associated with prolonged hospital stay in CHD patients. It provides valuable information to guide the hospitalization 
management of CHD.
Keywords: congenital heart disease, left-to-right shunt, surgical treatment, prolonged hospital stay

Introduction
Congenital heart disease (CHD) is a common congenital malformation caused by abnormal development of the heart and 
large blood vessels during embryonic development, accounting for about one-third of common birth defects.1 In recent 
years, the incidence and mortality of CHD have been increasing globally.2,3 The number of children with CHD in the 
world accounts for 0.8%~1% of live births, and the incidence of CHD in China is 0.6%~ 0.9%.4 CHD not only causes 
pain to the child, but also brings a serious economic burden to the family and society.5
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Due to its complex pathogenesis, CHD presents a variety of disease classification. According to the presence or 
absence of blood shunt between the left and right sides of the heart and the great vessels, it can be divided into left-to- 
right shunts types (such as atrial septal defect (ASD), ventricular septal defect (VSD), patent ductus arteriosus 
(PDA)),6 right-to-left shunts types (such as tetralogy of Fallot (TOF), and transposition of the great arteries),7 and non- 
shunt type (such as pulmonary artery stenosis (PAS), and aortic coarctation).8 Different types of CHD differ 
significantly in anatomical structure, hemodynamic changes and clinical manifestations, which brings great challenges 
to the diagnosis and treatment of the disease.9,10 Left-to-right shunt CHD is a common one in children. One of the 
common characteristics of this disease is the presence of abnormal channel between the left and right chambers of the 
heart, or between the aorta and the pulmonary artery. It causes blood to shunt from the higher pressure left cardiac 
system to the lower pressure right cardiac system.6,11 Left-to-right shunt CHD accounts for approximately 50% to 60% 
of all CHDs, and 0.3‰ to 1.0‰ among newborns.12 It is a key type of pediatric cardiovascular disease that requires 
priority intervention.

If left-to-right shunt CHD is not timely and effective treatment, abnormal hemodynamic conditions will continue to 
affect the development of the heart and other systems throughout the body, and even endanger life.13 Long-term left-to- 
right shunt will cause excessive load on the right heart system, gradually leading to right ventricular hypertrophy, and 
subsequently affecting the pumping function of the heart.14 At the same time, the lungs remain in a state of congestion 
for a long time, which is prone to causing repeated pulmonary infections and hindering the growth and development of 
the child.15 Surgical treatment is currently the main method for treating left-to-right shunt CHD in clinical practice.16 

Surgical treatment can correct the anatomical deformity of the heart and restore normal hemodynamic function, 
effectively improving the cardiac function of the children.17–19

The prognosis of left-to-right shunt CHD in children is influenced by many factors.20 Some children still face the 
problem of prolonged hospital stay after surgery. It not only has a negative impact on the physical and mental health of 
the children themselves, but also brings a burden to the families of the children. Prolonged hospital stay is likely to cause 
anxiety, depression and other psychological problems. Prolonged hospital stay directly leads to an increase in medical 
costs and increases family economic pressure. In addition, from the perspective of medical resources, the longer hospital 
stay will reduce the utilization efficiency of medical resources.21,22 Most existing studies focus on the analysis of a single 
factor or are specific to a certain disease type (such as VSD), lacking a comprehensive assessment of the overall 
population with left-to-right shunt CHD. Children and adolescents are in a special stage of growth and development, and 
their cardiac and pulmonary function reserves, immune status, and postoperative compensatory ability differ significantly 
from those of adults. Currently, systematic research on this specific population is still scarce, and the interaction and 
priority relationship among various factors have not been clarified, resulting in difficulties for clinical practice in 
formulating precise risk prediction models and intervention strategies. It is of great practical significance to explore 
the influencing factors of prolonged hospital stay after surgery therapy for children and adolescents with CHD for 
optimizing interventional treatment, shortening hospital stay, improving medical service quality, and rationally allocating 
medical resources.

Materials and Methods
Study Cohort
A total of 463 children and adolescents with left-to-right shunt CHD who received surgery therapy in Meizhou 
People’s Hospital from December 2016 to February 2025 were selected. The inclusion criteria of patients were as 
follows: (1) patients diagnosed with ASD, VSD, PDA by echocardiography (with or without other simple or 
complex heart malformations); (2) children and adolescents aged between 0–18 years old; (3) patients who meet 
the indications for surgery therapy for CHD; and (4) had complete clinical data. Exclusion criteria: (1) preoperative 
patients with acute infection; (2) patients with significantly impaired or defective function of other organs; and (3) 
clinical records incomplete. This study was approved by the Human Ethics Committees of the Meizhou People’s 
Hospital.
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Data Collection
The collected clinical data included gender, types of CHDs (ASD, VSD, PDA), the results of echocardiography (such as 
tricuspid insufficiency, mitral insufficiency, pulmonary insufficiency, and pulmonary hypertension), invasive mechanical 
ventilation, blood transfusion, tracheal intubation, intraoperative blood loss (mL), and length of hospital stay (days). In the 
study, compound types CHD was defined as patients with more than one type of CHD at the same time. The threshold for 
prolonged hospital stay was defined based on the third quartile (75th percentile) of length of hospital stay for all patients.

The definitions of tricuspid insufficiency, mitral insufficiency, pulmonary insufficiency, and pulmonary hypertension:

(1) Tricuspid insufficiency refers to the inability of the tricuspid to close completely during the cardiac contraction 
phase, resulting in abnormal valve function and blood flowing retrogradely from the right ventricle into the right 
atrium.23 An echocardiogram examination revealed abnormal regurgitation bands at the tricuspid valve orifice 
during the contraction phase.

(2) Mitral insufficiency is a pathological condition where the structure and function of the mitral valve are abnormal, 
resulting in the inability of the mitral valve orifice to close completely during the cardiac contraction phase, 
causing blood from the left ventricle to flow back into the left atrium.24 The diagnosis is based on the 
echocardiographic finding of a backflow signal at the mitral valve orifice during systole.

(3) Pulmonary insufficiency refers to a valve disorder where the pulmonary valve fails to close completely during 
diastole, causing blood to flow back from the pulmonary artery into the right ventricle.25 The echocardiogram 
shows a retrograde flow beam at the pulmonary valve orifice during diastole.

(4) Pulmonary hypertension refers to an increase in the mean pulmonary artery pressure (mPAP) of ≥20 mmHg at 
rest.26 The degree of pulmonary hypertension is mainly determined by the pulmonary artery systolic pressure 
(PASP) value measured through cardiac ultrasound examination: ①mild pulmonary hypertension: PASP is 
30–49 mmHg, the pulmonary artery pressure is slightly elevated and usually has not yet caused significant 
adverse effects on cardiac function and hemodynamics; ②moderate pulmonary hypertension: PASP is 
50–79 mmHg, the pulmonary artery pressure is moderately elevated and may gradually affect the pumping 
function of the heart, leading to an increase in the load on the right ventricle; ③severe pulmonary hypertension: 
PASP is ≥80 mmHg, the pulmonary artery pressure is significantly elevated, severely increasing the burden on the 
right ventricle and may exhibit symptoms such as shortness of breath, chest tightness, and edema.

Data Processing and Statistical Analysis
Data analysis was performed using SPSS statistical software version 26.0 (IBM Inc., USA). For variables with a missing 
value proportion less than 5%, the cases with missing values are directly eliminated. For variables with a missing value 
proportion between 5% and 20%, the multiple imputation method is used for processing. The continuous data that met 
the normal distribution were expressed as means ± standard deviations and compared using the t-test; the data not 
meeting the normal distribution were expressed as medians (25th and 75th percentiles) and compared using the Mann– 
Whitney U-test. Categorical variables were compared using the χ2 test or Fisher’s exact test, between CHD patients with 
prolonged hospital stay and non-prolonged hospital stay. Logistic regression analysis was used to determine the factors 
influencing prolonged hospital stay for surgical treatment of left-to-right shunt CHD in children and adolescents.

Results
Clinical Features of the Patients with CHD
There were 227 (49.0%) male patients and 236 (51.0%) female patients. The number of ASD, VSD, PDA patients was 
155 (33.5%), 128 (27.6%), 62 (13.4%), respectively, and 118 (25.5%) patients with compound types. There were 177 
(38.2%), 18 (3.9%)), and 1 (0.2%) patients with mild, moderate, and severe tricuspid insufficiency, respectively; 84 
(18.1%), 14 (3.0%), and 3 (0.6%) patients with mild, moderate, and severe mitral insufficiency, respectively; 11 (2.4%) 
patients with pulmonary insufficiency; 64 (13.8%), 30 (6.5%), and 13 (2.8%) patients with mild, moderate, and severe 
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pulmonary hypertension, respectively. The proportion of patients treated with invasive mechanical ventilation, blood 
transfusion, and tracheal intubation was 49.0% (227/463), 49.0% (227/463), and 41.0% (190/463), respectively (Table 1). 
The mean length of hospital stay was 13.00 (7.00, 18.00) days (Table 1).

Comparison of the Clinical Characteristics of Congenital Heart Disease Patients with 
Prolonged Hospital Stay and Non-Prolonged Hospital Stay in Patients Treated with 
Surgical Treatment
In this study, 330 (71.3%) patients with non-prolonged hospital stay (<18.0 days) and 133 (28.7%) patients with prolonged 
hospital stay (≥18.0 days). There were statistically significant differences in the distributions of types of CHD (χ2=67.959, 

Table 1 The Clinical Features of the Patients with Congenital Heart 
Disease

Clinical Characteristics Total (n=463)

Gender

Male, n(%) 227 (49.0%)
Female, n(%) 236 (51.0%)

Types of congenital heart diseases

Atrial septal defects, n(%) 155 (33.5%)
Ventricular septal defects, n(%) 128 (27.6%)

Patent ductus arteriosus, n(%) 62 (13.4%)

Compound types, n(%) 118 (25.5%)
Echocardiography

Tricuspid insufficiency

No, n(%) 267 (57.7%)
Mild, n(%) 177 (38.2%)

Moderate, n(%) 18 (3.9%)
Severe, n(%) 1 (0.2%)

Mitral insufficiency

No, n(%) 362 (78.2%)
Mild, n(%) 84 (18.1%)

Moderate, n(%) 14 (3.0%)

Severe, n(%) 3 (0.6%)
Pulmonary insufficiency

No, n(%) 452 (97.6%)

Mild, n(%) 11 (2.4%)
Pulmonary hypertension

No, n(%) 356 (76.9%)

Mild, n(%) 64 (13.8%)
Moderate, n(%) 30 (6.5%)

Severe, n(%) 13 (2.8%)

Invasive mechanical ventilation
No, n (%) 236 (51.0%)

Yes, n (%) 227 (49.0%)

Blood transfusion
No, n (%) 236 (51.0%)

Yes, n (%) 227 (49.0%)

Tracheal intubation
No, n (%) 273 (59.0%)

Yes, n (%) 190 (41.0%)

Intraoperative blood loss (mL), median (P25, P75) 8.0 (2.0, 30.0)
Length of hospital stay (days), median (P25, P75) 13.00 (7.00, 18.00)

Abbreviations: mL, milliliter; p25, 25th percentile; p75, 75th percentile.
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p<0.001), severity of mitral insufficiency (χ2=14.171, p=0.002), and severity of pulmonary hypertension (χ2=49.611, p<0.001) 
between CHD patients with prolonged hospital stay and non-prolonged hospital stay. The proportion of patients with prolonged 
hospital stay who treated with invasive mechanical ventilation (86.5% vs 33.9%, p<0.001), blood transfusion (88.7% vs 33.0%, 
p<0.001), and tracheal intubation (70.7% vs 29.1%, p<0.001) were higher than those of patients with non-prolonged hospital 
stay, respectively (Table 2).

Table 2 Comparison of the Clinical Characteristics of Congenital Heart Disease Patients with Prolonged Hospital Stay and Non- 
Prolonged Hospital Stay in Patients Treated with Surgical Treatment

Clinical Characteristics Non-Prolonged Hospital 
Stay (n=330)

Prolonged Hospital Stay 
(n=133)

p (χ2/Z)

Gender

Male, n(%) 150 (45.5%) 77 (57.9%) 0.018 (χ2=5.870)

Female, n(%) 180 (54.5%) 56 (42.1%)
Types of congenital heart diseases

Atrial septal defects, n(%) 131 (39.7%) 24 (18.0%) <0.001 (χ2=67.959)

Ventricular septal defects, n(%) 93 (28.2%) 35 (26.3%)
Patent ductus arteriosus, n(%) 55 (16.7%) 7 (5.3%)

Compound types, n(%) 51 (15.5%) 67 (50.4%)
Echocardiography

Tricuspid insufficiency

No, n(%) 193 (58.5%) 74 (55.6%) 0.068 (χ2=6.687)
Mild, n(%) 128 (38.8%) 49 (36.8%)

Moderate, n(%) 9 (2.7%) 9 (6.8%)

Severe, n(%) 0 (0) 1 (0.8%)
Mitral insufficiency

No, n(%) 269 (81.5%) 93 (69.9%) 0.002 (χ2=14.171)

Mild, n(%) 54 (16.4%) 30 (22.6%)
Moderate, n(%) 7 (2.1%) 7 (5.3%)

Severe, n(%) 0 (0) 3 (2.3%)

Pulmonary insufficiency
No, n(%) 325 (98.5%) 127 (95.5%) 0.085 (χ2=3.669)

Mild, n(%) 5 (1.5%) 6 (4.5%)

Pulmonary hypertension
No, n(%) 278 (84.2%) 78 (58.6%) <0.001 (χ2=49.611)

Mild, n(%) 38 (11.5%) 26 (19.5%)

Moderate, n(%) 13 (3.9%) 17 (12.8%)
Severe, n(%) 1 (0.3%) 12 (9.0%)

Invasive mechanical ventilation

No, n (%) 218 (66.1%) 18 (13.5%) <0.001 (χ2=104.657)
Yes, n (%) 112 (33.9%) 115 (86.5%)

Blood transfusion

No, n (%) 221 (67.0%) 15 (11.3%) <0.001 (χ2=117.649)
Yes, n (%) 109 (33.0%) 118 (88.7%)

Tracheal intubation

No, n (%) 234 (70.9%) 39 (29.3%) <0.001 (χ2=67.752)
Yes, n (%) 96 (29.1%) 94 (70.7%)

Intraoperative blood loss (mL), median (P25, P75) 5.0 (2.0, 30.0) 30.0 (5.0, 30.0) <0.001 (Z=−5.435)

Abbreviations: mL, milliliter; p25, 25th percentile; p75, 75th percentile.
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Comparison of the Clinical Characteristics of CHD Patients with Prolonged Hospital 
Stay and Non-Prolonged Hospital Stay in Patients Treated with Blood Transfusion
In patients treated with blood transfusion (n=227), there were 109 patients with non-prolonged hospital stay and 118 
patients with prolonged hospital stay. There were statistically significant differences in the distributions of types of CHD 
(χ2=12.932, p=0.004), and pulmonary hypertension (χ2=13.253, p<0.001) between CHD patients with prolonged and 
non-prolonged hospital stay. There were no statistically significant differences in the proportions of tricuspid insuffi
ciency, mitral insufficiency, pulmonary insufficiency, invasive mechanical ventilation, and tracheal intubation (Table 3).

Logistic Regression Analysis of Risk Factors Associated with Prolonged Hospital Stay
The results of univariate analysis indicated that male (odds ratio (OR): 1.650, 95% confidence interval (CI): 1.099–2.478, 
p=0.016), compound types CHD (OR: 5.553, 95% CI: 3.533–8.730, p<0.001), mitral insufficiency (OR: 1.897, 95% CI: 
1.193–3.014, p=0.007), pulmonary hypertension (OR: 3.770, 95% CI: 2.392–5.940, p<0.001), invasive mechanical 
ventilation (OR: 12.436, 95% CI: 7.199–21.480, p<0.001), blood transfusion (OR: 15.950, 95% CI: 8.893–28.607, 
p<0.001), and tracheal intubation (OR: 5.875, 95% CI: 3.774–9.145, p<0.001) were associated with prolonged hospital 
stay (Table 4).

In multivariate logistic regression analysis, male (OR: 2.137, 95% CI: 1.278–3.574, p=0.004), compound types CHD 
(OR: 2.021, 95% CI: 1.178–3.469, p=0.011), pulmonary hypertension (OR: 3.179, 95% CI: 1.537–6.572, p=0.002), 

Table 3 Comparison of the Clinical Characteristics of Patients with Prolonged Hospital Stay and Non-Prolonged Hospital Stay in 
CHD Patients Treated with Blood Transfusion

Clinical Characteristics Non-Prolonged Hospital Stay (n=109) Prolonged Hospital Stay (n=118) p (χ2/Z)

Gender

Male, n(%) 38 (34.9%) 69 (58.5%) 0.001 (χ2=12.678)
Female, n(%) 71 (65.1%) 49 (41.5%)

Types of congenital heart diseases

Atrial septal defects, n(%) 30 (27.5%) 18 (15.3%) 0.004 (χ2=12.932)
Ventricular septal defects, n(%) 40 (36.7%) 30 (25.4%)

Patent ductus arteriosus, n(%) 3 (2.8%) 6 (5.1%)

Compound types, n(%) 36 (33.0%) 64 (54.2%)
Echocardiography

Tricuspid insufficiency

No, n(%) 69 (63.3%) 64 (54.2%) 0.179 (χ2=1.919)
Yes, n(%) 40 (36.7%) 54 (45.8%)

Mitral insufficiency
No, n(%) 82 (75.2%) 81 (68.6%) 0.303 (χ2=1.214)

Yes, n(%) 27 (24.8%) 37 (31.4%)

Pulmonary insufficiency
No, n(%) 107 (98.2%) 113 (95.8%) 0.448 (χ2=1.094)

Yes, n(%) 2 (1.8%) 5 (4.2%)

Pulmonary hypertension
No, n(%) 85 (78.0%) 65 (55.1%) <0.001 (χ2=13.253)

Yes, n(%) 24 (22.0%) 53 (44.9%)

Invasive mechanical ventilation
No, n (%) 15 (13.8%) 15 (12.7%) 0.847 (χ2=0.054)

Yes, n (%) 94 (86.2%) 103 (87.3%)

Tracheal intubation
No, n (%) 28 (25.7%) 35 (29.7%) 0.554 (χ2=0.446)

Yes, n (%) 81 (74.3%) 83 (70.3%)
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invasive mechanical ventilation (OR: 4.069, 95% CI: 1.567–10.564, p=0.004), and blood transfusion (OR: 5.128, 95% 
CI: 2.421–10.862, p<0.001) were independently associated with prolonged hospital stay (Table 4).

Discussion
The study of the factors influencing the prolonged hospital stay in children with left-to-right shunt CHD has important 
clinical significance in many aspects, such as optimizing the allocation of medical resources, reducing medical costs, 
improving treatment plans and improving the prognosis of children. This study found that male, compound types CHD, 
pulmonary hypertension, invasive mechanical ventilation, and blood transfusion were independently associated with 
prolonged hospital stay in CHD patients.

Studies have shown that complex CHDs, such as TOF and complete transposition of great arteries, have extremely 
complex anatomical structure, difficult operation, slow postoperative recovery, and significantly longer hospital stay than 
simple CHDs, such as atrial septal defect and ventricular septal defect repair.27,28 This is because the operation of 
complex CHDs requires more delicate operation, long cardiopulmonary bypass time, great damage to the body, and 
postoperative complications are prone to occur.29,30 In addition, the combination of other systemic diseases before 
surgery (such as lung infection, liver and kidney insufficiency), will reduce the patient’s tolerance to surgery, increase the 
difficulty of postoperative recovery, and lead to prolonged hospital stay.31

CHD patients often have abnormal cardiac structure and function, which lead to hemodynamic changes in pulmonary 
circulation, and then lead to pulmonary hypertension.32 The persistence of pulmonary hypertension can seriously affect 
the recovery of cardiopulmonary function.33 On the one hand, pulmonary hypertension increases right cardiac afterload, 
leading to right cardiac insufficiency.34 The right ventricle needs to overcome higher pressure to pump blood into the 
pulmonary circulation, which makes the heart muscle do more work, energy consumption is intensified, and it is easy to 
cause right heart failure.35 Some studies have shown that the incidence of postoperative right heart failure in CHD 
patients with pulmonary hypertension is significantly higher than that in patients without pulmonary hypertension, and 
right heart failure will further lead to systemic circulation congestion,36 liver enlargement,37 lower limb edema38 and 
other symptoms, which seriously affect the recovery process of patients and prolong hospital stay. On the other hand, 
pulmonary vascular remodeling caused by pulmonary hypertension increases pulmonary vascular resistance and impairs 
gas exchange function.39 Pulmonary circulation blood flow is reduced, oxygen dispersion disorders, resulting in poor 
oxygenation of patients, the body is in a state of hypoxia.40 This hypoxic environment will not only affect the function of 
the heart, liver, kidney and other important organs, but also inhibit wound healing and tissue repair, further delaying the 
recovery of patients, resulting in prolonged hospital stay.41,42

There was a significant correlation between mechanical ventilation and length of stay. A long period of mechanical 
ventilation means that the patient’s respiratory function is slow to recover, and it is not possible to breathe independently 
from the ventilator as soon as possible.43 On the one hand, this may be due to the serious impact of the operation itself on 
the cardiopulmonary function. After the reconstruction of the heart structure, it takes a long time to restore the pumping 

Table 4 Logistic Regression Analysis of Risk Factors Associated with Prolonged Hospital Stay

Variables Unadjusted Values Adjusted Values

OR (95% CI) p values Adjusted OR (95% CI) p values

Gender (male vs female) 1.650(1.099–2.478) 0.016 2.137(1.278–3.574) 0.004

Congenital heart diseases (compound types vs one type) 5.553(3.533–8.730) <0.001 2.021(1.178–3.469) 0.011
Tricuspid insufficiency (yes vs no) 1.123(0.748–1.686) 0.575 0.625(0.313–1.249) 0.184

Mitral insufficiency (yes vs no) 1.897(1.193–3.014) 0.007 1.593(0.875–2.897) 0.127

Pulmonary insufficiency (yes vs no) 3.071(0.921–10.241) 0.068 3.332(0.721–15.399) 0.123
Pulmonary hypertension (yes vs no) 3.770(2.392–5.940) <0.001 3.179(1.537–6.572) 0.002

Invasive mechanical ventilation (yes vs no) 12.436(7.199–21.480) <0.001 4.069(1.567–10.564) 0.004

Blood transfusion (yes vs no) 15.950(8.893–28.607) <0.001 5.128(2.421–10.862) <0.001
Tracheal intubation (yes vs no) 5.875(3.774–9.145) <0.001 0.802(0.371–1.732) 0.574

Abbreviations: OR, odds ratio; CI, confidence interval.
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function, which in turn affects the pulmonary circulation and makes it difficult to stabilize the respiratory function in the 
short term.44 On the other hand, patients’ own basic conditions, such as infants’ imperfect respiratory system develop
ment, higher dependence on mechanical ventilation, and more difficult to take offline, lead to a significant extension of 
hospital stay.

Blood transfusion, as an important therapeutic method for correcting anemia and maintaining circulatory stability 
after surgery in CHD, has a complex and dual impact on the cardiac function of children. On the one hand, anemia can 
lead to a reduction in oxygen supply to the myocardium, increasing the burden on the myocardium’s work.45 Especially 
for children with left-to-right shunt CHD, there may already be varying degrees of increased ventricular volume load 
before the operation.46 At this time, reasonable blood transfusion can raise the hemoglobin level, enhance the blood’s 
oxygen-carrying capacity, improve myocardial oxygen supply, thereby maintaining myocardial contractility and cardiac 
output.47 On the other hand, the potential negative impact of blood transfusion on cardiac function cannot be ignored. 
Blood transfusion may alter the rheological properties of blood. Transfused red blood cells may lead to increased blood 
viscosity, increase the heart’s pumping burden, and affect the recovery of heart function.48 Especially for some CHD 
patients with weak heart function itself, this effect is more obvious. In addition, blood transfusion may interfere with 
cardiac tissue repair and regeneration by affecting the body’s inflammatory response and oxidative stress state.49 

Bioactive substances contained in blood products may activate inflammatory cells, trigger an inflammatory cascade 
response, damage heart microvascular endothelial cells, and affect myocardial perfusion.50 Therefore, blood transfusion 
has a “double-edged sword” effect on the postoperative cardiac function of children and adolescents with left-to-right 
shunt congenital heart disease. In clinical decision-making, it is necessary to dynamically monitor the hemoglobin level, 
cardiac function indicators, and circulatory volume status of the children. A personalized balance point needs to be found 
between correcting anemia and avoiding volume overload and inflammatory damage, in order to maximize the protective 
effect of blood transfusion on cardiac function.

In addition, Martins RS et al found that longer aortic cross clamping time and postoperative kidney injury are factors 
for prolonged length of stay in adults with CHD after surgery.51 Martins RS et al found that length of some procedures 
during surgery, and postoperative kidney injury were associated with longer intensive care unit (ICU) stay in adults with 
CHD after surgery.52 Huang et al found that malnutrition was associated with prolonged hospital stay.53 Several studies 
have also explored predictive markers for longer hospital stays in patients with CHD. Troponin T,54 N-terminal pro-brain 
natriuretic peptide (NT-proBNP),55,56 and preoperative albumin level57 were potential markers of length of ICU stay in 
CHD children undergoing surgery. PErioperative Adult Congenital Heart disease (PEACH) score was a predictor of 
prolonged ICU stay in adults with TOF.58

This study found some valuable information about the factors that influence the length of hospital stay after surgical 
treatment in patients with CHD, it still has several limitations. First, the types and severity of CHD are diverse. Due to 
the limited number of cases included, this study could not compare CHD patients with different diseases, different age 
groups and different clinical manifestations. Second, it a single-center retrospective study that lacks more comprehensive 
variable inclusion and long-term follow-up data. Third, this study only analyzed the influencing factors of longer hospital 
stay in CHD patients, and did not evaluate the predictors of longer hospital stay in CHD patients.54 In the future, we 
expect to include more variables for more adequate preoperative, intraoperative and long-term follow-up to evaluate the 
factors that influence the short- and long-term prognosis of CHD after surgical treatment.

Conclusion
Male, compound types CHD, pulmonary hypertension, invasive mechanical ventilation, and blood transfusion were 
independently associated with prolonged hospital stay in CHD patients. Based on this conclusion, in order to shorten the 
hospital stay of children and adolescents with left-to-right shunt CHD who undergo surgical treatment, in clinical 
practice, a comprehensive assessment of the patient’s condition should be conducted before the surgery, and the surgical 
method and timing should be scientifically selected. Of course, the indicators revealed by this information related to 
longer hospital stay in CHD patients need to be further explored in prospective cohort studies.
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