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Preoperative Vitamin D Deficiency Is Associated With Higher Vasoactive-Inotropic Scores Following Pediatric Cardiac Surgery in Chinese Children
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The relationship between vitamin D and cardiovascular health in children remains unclear. Vitamin D deficiency (VDD) is supposed to be a potential risk factor associated with poorer outcomes after congenital heart disease (CHD) surgery. The maximum vasoactive-inotropic use after cardiac surgery is considered to be a good predictor of adverse outcomes. We aimed to assess the correlation between preoperative VDD and the maximum vasoactive-inotropic score (VISmax) at 24 h postoperatively. Nine hundred children with CHD were enrolled in this study, and preoperative total serum 25-hydroxyvitamin D [25(OH)D] concentrations were measured by liquid chromatography-tandem mass spectrometry. Related demographic and clinical characteristics were collected. A total of 490 boys (54.4%) and 410 girls (45.6%) with a mean age of 1 year (range: 6 months-3 years) were enrolled. The median 25(OH)D level was 24.0 ng/mL, with 32.6% of patients having VDD [25(OH)D < 20 ng/mL]. The univariate analysis indicated that VDD [odds ratio (OR): 2.27; 95% confidence interval (CI): 1.48–3.50] is associated with a risk of increased VISmax at 24 h postoperation. Multivariate analysis revealed that VDD (OR: 1.85; 95% CI: 1.09–3.02), a Risk-adjusted Congenital Heart Surgery score of at least three points (OR: 1.55; 95% CI: 1.09–2.19), and cardiopulmonary bypass time (OR: 1.02; 95% CI: 1.01–1.02) were independently associated with an increased VISmax within 24 h after cardiac surgery. VDD in pediatric patients before cardiac surgery is associated with the need for increased postoperative inotropic support at 24 h postoperation.
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INTRODUCTION

Congenital heart disease (CHD) is a common birth defect, found in about 1% of live births (1). It is estimated that about 130,000 new cases of CHD occur each year in China. CHD is also the leading cause of mortality among cases attributed to birth defects. Advanced cardiovascular surgery has significantly improved the survival of infants and children with CHD. The administration of vasoactive drugs postoperatively can stabilize the cardiovascular system and reduce the risk of postoperative complications. Low cardiac output syndrome (LCOS) is an important factor associated with postoperative mortality, found postoperatively in as many as 25% of infants treated for CHD (2). Treatment for LCOS consists of multiple strategies; the use of vasoactive drugs can reduce the risk of low cardiac output. The maximum vasoactive inotropic score (VISmax) has been used as a surrogate marker for LCOS (3). The VISmax measured within 24 h after admission to the intensive care unit (ICU) is considered to be a good predictor of adverse outcomes in patients undergoing cardiac surgery (4, 5).

Mounting evidence (6–8) suggests that a close relationship exists between vitamin D and cardiovascular health. Besides regulating calcium homeostasis and maintaining skeletal health, vitamin D has a large spectrum of extraskeletal effects, such as muscle strength, regulation of the immune system, and cardiovascular health. Evidence has shown that vitamin D deficiency (VDD), characterized by a 25-hydroxyvitamin D [25(OH)D] level of <20 ng/mL, is associated with numerous adverse health outcomes in children with critical or chronic diseases. The incidence of VDD in children with CHD has been reported to be 40–84% (9). Lower vitamin D levels constitute a potential risk factor associated with prolonged mechanical ventilation (10) and longer hospital and ICU stays among critically ill children (11, 12). Lower postoperative vitamin D levels may increase the need for inotropic support (9). Meanwhile, children with preoperative VDD are at greater risk for severe VDD following cardiac surgery and cardiopulmonary bypass (CPB) (13–15). However, the association between preoperative VDD and VISmax within 24 h after surgery is still unclear.

The cardiothoracic surgery division of Shanghai Children's Medical Center (SCMC, Shanghai, China) is the leading department of its kind in China and performs more than 3,000 operations per year. To date, we still know little about the vitamin D status in children with CHD in China and about the effect of VDD on postoperative clinical outcomes. The current investigation is aimed to assess the prevalence of VDD in children with CHD before surgery and its potential correlation with VISmax within 24 h after surgery. We predict that VDD is common among Chinese children with CHD and that preoperative VDD increases the demand for VIS vasoactive-inotropic support within 24 h after surgery.



MATERIALS AND METHODS


Patients and Data Collection

We conducted a prospective cohort study involving 900 children with CHD undergoing cardiac surgery between December 2017 and December 2018 at the SCMC, a single tertiary pediatric hospital. Eligibility criteria were the following: (1) <18 years of age, (1) indication of surgical intervention, and (3) preoperative plasma 25(OH)D availability. Criteria for exclusion were the following: (1) ≥18 years of age, (2) indication of medical treatment or transcatheter surgery only, and (3) inclusion in a high-risk group for VDD with intake of vitamin D supplementation totaling >400 IU/days within the past year, such as preterm and low-birth-weight infants (Figure 1). Liquid chromatography-tandem mass spectrometry (AB SCIEX API 3200MD; SCIEX, Concord, ON, Canada) was used to quantify the serum 25(OH)D concentration right before surgery. The study was approved by the institutional review board of the SCMC-affiliated Shanghai Jiaotong University School of Medicine (SCMCIRB-K2018039), and informed consent was obtained from the parents or guardians, as appropriate.
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FIGURE 1. Flowchart of the study participants.


Relevant clinical data were collected and recorded into a computerized database. All patients were Han Chinese. We recorded demographic variables such as age, sex, and weight; details on the cardiac lesions, operative procedures, CBP duration, aortic cross-clamp time, and preoperative pneumonia were also documented. The study participants were categorized according to the Risk-adjusted Congenital Heart Surgery (RACHS) scoring system (16); there were no cases with a RACHS score of more than five points in this study. The VISmax was calculated during the first 24 h post-surgery using the following equation (5): VIS = dopamine dose (μg/kg/min) + dobutamine dose (μg/kg/min) + 100 × epinephrine dose (μg/kg/min) + 10 × milrinone dose (μg/kg/min) + 10,000 × vasopressin dose (units/kg/min) + 100 × norepinephrine dose (μg/kg/min). VDD was defined as a 25(OH)D3 level of <20 ng/mL, vitamin D insufficiency was defined as a 25(OH)D3 level of 20–30 ng/mL, and vitamin D sufficiency was defined as a 25(OH)D3 level of at least 30 ng/mL (17). The cutoff for high vs. low VIS was identified as a score of 15 points during the first 24 h after heart surgery (4).



Statistical Analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences version 20 software program (IBM, Armonk, NY, USA). Continuous data were presented as median and interquartile range (IQR) values, whereas categorical data were presented as frequencies and percentages. Comparisons between groups were performed using Pearson's chi-squared (χ2) test for categorical data variables and the non-parametric Mann-Whitney U test for continuous variables or numerical data as appropriate. Binary logistic models were applied with VISmax (<15/≥15) adopted as a response variable. Covariates were age (continuous variable), sex (female/male), vitamin D status (deficiency/insufficiency/sufficiency), season (winter/fall/spring/summer), and RACHS score class (<3/≥3) (model 2). Multivariate model 3 included the same covariates plus aortic clamping time (continuous variable) and concurrent preoperative diseases (no/yes). CPB time and clamping time were closely related to each other and could not be simultaneously put into the multivariate model. Statistical significance was considered when p < 0.05.




RESULTS

A total of 900 Chinese children [(490 boys (54.4%) and 410 girls (45.6%)] with a median age of 1 year (range: 6 months-3 years) were included in this study. The median 25(OH)D level of the enrolled children was 24.0 ng/mL (IQR: 17.9–29.4); the plasma 25(OH)D level was below 20 ng/mL in 32.6% of children (n = 293), from 20 to 30 ng/mL in 44.4% of children (n = 400), and above 30 ng/mL in 23% of children (n = 207). No significant differences were detected in the demographic data of the patients, including sex, body mass index (BMI), season, and preoperative pneumonia, among the three 25(OH)D groups (p > 0.05). However, there were significant differences in age (p < 0.001), CPB time (p < 0.001), clamping time (p < 0.001), RACHS score of at least three points (p = 0.004), and VISmax (≥15 points) within the first 24 h after surgery (p < 0.001) (Table 1).


Table 1. Demographic and clinical characteristics of the study participants according to preoperative vitamin D status.
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There was no significant difference in age, sex, BMI, seasonal distribution, or preoperative pneumonia between the two VIS score groups according to the 15-point cutoff (p > 0.05). There were, however, significant differences in CPB time (p < 0.001), clamping time (p < 0.001), and RACHS score of at least three points (p < 0.001) (Table 2).


Table 2. Demographic and clinical characteristics of study participants according to postoperative VISmax during the first 24 h after surgery.
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The univariate analysis indicated that the following factors were associated with an increased risk of VISmax at 24 h postoperation: VDD [odds ratio (OR): 2.27; 95% confidence interval (CI): 1.48–3.50], RACHS score of at least three points (OR: 2.4; 95% CI: 1.77–3.29), CPB time (OR: 1.02; 95% CI: 1.02–1.03), and clamping time (OR: 1.02; 95% CI: 1.02–1.03). Model 2 showed that VDD and a RACHS score of at least three points were independently associated with an increased VISmax at 24 h postoperation (OR: 2.14; 95% CI: 1.33–3.43 and OR: 2.31; 95% CI: 1.68–3.19, respectively). Model 3 showed that VDD (OR: 1.85; 95% CI: 1.10–3.02), a RACHS score of at least three points (OR: 1.55; 95% CI: 1.09–2.19), and CPB time (OR: 1.02; 95% CI: 1.01–1.02) were independently linked to an increased VISmax at 24 h postoperation (Table 3).


Table 3. Logistic regression analysis of the risk factors for VISmax within 24 h after surgery.
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DISCUSSION

A high prevalence of VDD in children has been observed worldwide. Studies have reported that the prevalence of VDD ranges from 40 to 49.3% in children with CHD (9, 18). In our study, VDD was observed in 32.6% of the children, a rate that is a little lower than that mentioned in prior literature reports. A possible reason for this result is the relatively young age of our study population at baseline, with 75% of the children aged younger than 3 years old. China's health care system guidance has identified the need for vitamin D supplementation in certain at-risk groups, particularly infants (19). We also found that children with VDD most often experience longer CPB and clamping times, while the proportion of VDD is higher in children with RACHS scores of at least three points. However, no significant difference in vitamin D level according to sex, season, BMI, or preoperative pneumonia was found. Studies showed that CPB is associated with a reduction in vitamin D levels in pediatric patients following cardiac surgery (9, 18). As a part of this study, serial vitamin D measurements were performed in 21 children with tetralogy of Fallot, and we found that CPB significantly affected the level of 25(OH)D after surgery in this subgroup (20). The decrease in serum 25(OH)D level is most likely explained by hemodilution due to acute fluid shift, and CPB tubing or oxygenator membrane absorption, blood loss, or inflammation also represent other potential reasons for the decline (9). The incidence of VDD after cardiac surgery may be higher in children with longer CPB and clamping times. The RACHS score relies on subjective assessments of operative risk and cardiac anatomy by congenital heart surgeons and pediatric cardiologists, with higher RACHS scores associated with a greater in-hospital mortality risk (16). The children with higher RACHS scores not only have primary VDD but also suffer from secondary VDD, requiring longer CPB and clamping times (21).

A growing number of studies have suggested that VDD influences the outcome of CHD surgery (22, 23). In our study, 12 patients died before discharge, resulting in a postoperative mortality rate of 1.3%. LCOS is an important factor related to postoperative mortality. The use of vasoactive drugs can reduce the risk of LCOS. Gaies et al. suggested that the VISmax within 24 h after admission to the cardiac ICU can be used as a predictor of adverse prognosis after cardiac surgery (4, 5). In our study, 25% of children required greater VIS (≥15 points) support. Children with VDD or prolonged CPB and clamping times during surgery typically require greater VIS support. It seems that CPB and aortic clamping times were longer in children with higher VISmax values and such may be the cause of the need for greater vasoactive-inotropic drug support independently of VDD. However, the association remained significant after adjusting for these variables, which point to an independent association between VDD and high VISmax (OR: 2.14; 95% CI: 1.33–3.43). Our analysis demonstrates that preoperative VDD was associated with a greater need for inotropic support in CHD children.

Low vitamin D levels could directly influence cardiac myocytes and endothelial function through cellular vitamin D receptors (8). Our study's results strongly support the need for deploying more vasoactive drugs in children with CHD and VDD before surgery. A more severe VDD status is typically found after surgery and CPB in children who already had VDD before surgery (13–15). Lower postoperative 25(OH)D levels may increase the need for vasoactive drug support (9). In our study, children with low VIS values had a mean CPB time of 50 min and children with high VIS values had a mean CPB time of 93 min. This may contribute to increased use of vasoactive-inotropic support postoperatively. Meanwhile, maintaining adequate postoperative vitamin D levels following surgery may speed up patient recovery following CHD surgery (13, 24). Thus, the requirements for vitamin D supplementation in patients with CHD may differ from those in healthy children; however, to our knowledge, the benefits of vitamin D supplementation for CHD surgery have not been confirmed. Recommendations regarding a proper vitamin D dose in CHD children have not been offered and no consistent conclusions have been reached to date (25, 26).

Our study has many strengths and some limitations. The potential strengths are our large sample size, analysis of plasma 25(OH)D using high-quality methods, the fact that the findings arose from multivariate analyses adjusted using key confounders for vitamin D status. However, there are still some limitations to our research. First, the main limitation is the inclusion of children of one ethnicity, which limits the comparability with data gleaned from other ethnicities, primarily ethnic minority groups living far away from Shanghai. Distance is an important factor in hospital choice in that people are more likely to choose the hospitals that are located close to their homes. Second, we did not record serial vitamin D measurements following CPB, although the literature has also indicated that lower postoperative vitamin D levels may be associated with the need for greater inotropic support (9). Serial vitamin D measurements of five time points were collected from a small sample of 21 children with tetralogy of Fallot (20). We found that CPB significantly affected the level of 25(OH)D after surgery. Unfortunately, there were no significant differences between lower postoperative vitamin D levels (both right after surgery and 24 h postoperation) and VISmax within 24 h after surgery. Third, this study only recorded the VISmax within 24 h after surgery, while that at 48 h was not recorded. Some studies (3, 27) have shown that the VISmax at 48 h may be more representative of the patient's prognosis. Additional research is needed to better understand the relationship between preoperative 25(OH)D level and VISmax at 48 h after surgery. Fourth and finally, the study did not examine the correlation between preoperative VDD and short- and long-term clinical outcomes after heart surgery.



CONCLUSIONS

This study provides clear evidence that VDD is prevalent among Chinese children with CHD following cardiac surgery in China. Importantly, lower vitamin D levels before pediatric cardiac surgery are associated with a greater need for inotropic support. Further research is needed.
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Values are presented as OR (95% C)).

CPB, cardiopuimonary bypass time; RACHS, the Risk-adjusted Congenttal Heart Surgery; VISmax, maximum vasoactive inotropic score.

@Univariate logistic regression model.

bMultivariate logistic regression model in which age, sex, vitamin D cless, season, and RACHS were controlled.

“Multivariate logistic regression model in which age, sex, vitemin D status, season, RACHS score, CPB time, and concurrent preoperative diseases were controlled. CPB time and
clamping time were closely related to each other and could not be put into the model at the same time.
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Age, years, median (IQR)
Male sex, n (%)
Season
Spring, n (%)
Summer, n (%)
Fal, n (%)
Winter, n (%)
BMI, median (IQR)
CPB time (min), median (IQR)
Clamping time (min), median (IQR)
RACHS score, n (%)
>3
<3
Preoperative pneumonia, n (%)
VIS, n (%)
=15
<15

Total

1.0 (05-3.0)
490 (54.4)
900 (100.0)
282(31.3)
283 (31.4)
167 (18.6)
168 (18.7)
15.6 (14.4-16.8)
56.0(40.0-85.7)
30.0 (20.0-51.0)

305 (33.9)
505 (66.1)
27(3.0)

225 (25.0)
675 (75.0)

25(0H)D < 20ng/mL
(n=293)

2.4(0.4-5.3)
159 (54.9)
293 (32.6)
100 (34.1)
9131.1)
41(14.0)
61(20.8)
15.6 (14.2-16.8)
67.0 (45.0-67.0)
37.0 (21.5-68.5)

121 @41.9)
172 (88.7)
12(4.1)

97 (33.1)
196 (66.9)

25(0H)D = 20-30 ng/mL
(n = 400)

1.0 (0.4-2.3)
212 (53.0)
400 (44.4)
117 (29.9)
126 (31.5)
82(20.5)

75(18.8)

15.6 (14.4-16.8)

52.0 (40.0-79.0)

29.0 (19.0-48.0)

124.(31.0)
276 (69.0)
12(3.0)

91(22.8)
300 (77.9)

25(0H)D > 30ng/mL
(n=207)

07(05-1.2)
119 (57.5)
207 (23.0)
65(31.4)
66(31.9)
32(213)
32(15.5)
16.7 (14.6-16.9)
50,0 (37.0-75.0)
26.0 (19.0-43.0)

60 (29.0)
147 (71.0)
3(1.4)

37(179)
170 (82.1)

IQR, interquartile range; CPB, cardiopulmonary bypass time; RACHS, Risk-adjusted Congenital Heart Surgery; VIS, vasoactive-inotropic score.

56.93
1.11
8.10

1.12
30.19
16.82
10.89

292
16.95

p-value

0.000
0573
0.231

0570
0.000
0.000
0.004

0.232
0.000
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