

[image: image1]
Perioperative Corticosteroid Therapy in Children Undergoing Cardiac Surgery: A Systematic Review and Meta-Analysis












	
	SYSTEMATIC REVIEW
published: 24 July 2020
doi: 10.3389/fped.2020.00350






[image: image2]

Perioperative Corticosteroid Therapy in Children Undergoing Cardiac Surgery: A Systematic Review and Meta-Analysis

Yinan Li, Qipeng Luo, Xie Wu, Yuan Jia and Fuxia Yan*

Department of Anesthesiology, National Center of Cardiovascular Diseases, Fuwai Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China

Edited by:
Giovanni Battista Luciani, University of Verona, Italy

Reviewed by:
Ravi R. Thiagarajan, Boston Children's Hospital and Harvard Medical School, United States
 Fabrizio De Rita, Newcastle upon Tyne Hospitals NHS Foundation Trust, United Kingdom

*Correspondence: Fuxia Yan, yanfuxia@sina.com

Specialty section: This article was submitted to Pediatric Cardiology, a section of the journal Frontiers in Pediatrics

Received: 28 November 2019
 Accepted: 27 May 2020
 Published: 24 July 2020

Citation: Li Y, Luo Q, Wu X, Jia Y and Yan F (2020) Perioperative Corticosteroid Therapy in Children Undergoing Cardiac Surgery: A Systematic Review and Meta-Analysis. Front. Pediatr. 8:350. doi: 10.3389/fped.2020.00350



Background: The benefit–risk profile of perioperative corticosteroids in pediatric patients undergoing cardiac surgery remains controversial.

Objective: To investigate the influence of perioperative corticosteroids on the postoperative mortality and clinical outcomes in pediatric patients undergoing cardiac surgery with cardiopulmonary bypass.

Methods: We conducted a systematic search using MEDLINE, EMBASE, and Cochrane Database through August 31, 2019. We included randomized controlled trials comparing perioperative corticosteroids with other clinical interventions, placebo, or no treatment in children between 0 and 18 years of age undergoing cardiac surgery. The primary outcome of interest was all-cause in-hospital mortality. The secondary outcomes were length of intensive care unit stay (LOIS), duration of mechanical ventilation (DMV), postoperative insulin therapy, postoperative low cardiac output syndrome (LCOS), postoperative infection, maximal temperature (Tmax) in the first 24 h postoperatively, urine output (UO) in the first 24 h postoperatively, serum lactate at postoperative day (POD) 1, blood glucose at POD 1, vasoactive inotrope score (VIS) at POD 1, and postoperative acute kidney injury (AKI). Study quality was assessed using the Cochrane Risk of Bias Assessment Tool.

Results: Our analysis included 17 studies and 848 pediatric patients. The data demonstrated that children receiving corticosteroids showed no significant difference on the all-cause in-hospital mortality with a fixed-effect model (RR = 0.59, 95% CI = 0.28–1.25, P = 0.55) compared with controls. For the secondary outcomes, corticosteroids had a statistically significant reduction on the VIS at POD1 (MD = −2.04, 95% CI = −3.96 −0.12, P = 0.04), while it might be significantly associated with an increased blood glucose at POD1 (MD = 1.38, 95% CI = 0.68–2.09, P = 0.0001) and a 2.69-fold higher risk of postoperative insulin therapy (RR = 2.69, 95% CI = 1.37–5.27, P = 0.004). No statistical significance was shown in other secondary outcomes.

Conclusion: Perioperative corticosteroids might not significantly improve clinical outcomes identified as mortality, LOIS, DMV, AKI, and LCOS other than VIS at POD1. However, it might increase the blood glucose and episodes of insulin therapy. Perioperative corticosteroids to attenuate the inflammatory response are not supported by available evidence from our study. Further results from ongoing randomized controlled trials with a larger sample size are required.
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INTRODUCTION

It is necessary to be exposed to cardiopulmonary bypass (CPB) for most pediatric patients undergoing repair or palliative congenital heart surgery. CPB may contribute to a complex pathophysiology process as a consequence of exposure to the artificial surface of CPB circuits, hemodilution, hypothermia, ischemia/reperfusion of important organs, etc., on which excessive inflammatory system activation characterized by the release of proinflammatory cytokines and aggregation of neutrophils plays an important role (1, 2). Despite the improved perfusion strategies and other agents to alleviate the inflammatory response during CPB, corticosteroids have been used for almost half a century as the first-line agent with remaining controversies in this field (3).

Corticosteroids can relieve inflammatory response by reducing endotoxin and proinflammatory cytokine release (4). In addition, they may directly act as a supplementary therapy for adrenal insufficiency as a result of CPB in neonates and infants (5). However, some potential adverse effects may be associated with corticosteroids, for example, hyperglycemia, poor wound healing, infections, and poor neurodevelopmental outcomes (6–8). Several small, randomized, controlled studies in pediatric patients have investigated the effect of perioperative corticosteroids on the inflammatory biomarkers, clinical outcomes, and adverse events after congenital heart surgeries (9–25). Nevertheless, the results were conflicted, resulting in the controversy over perioperative corticosteroids. Due to the result of a recent retrospective study, which demonstrated increased morbidities associated with perioperative corticosteroids in lower-risk patients instead of benefits for clinical outcomes, we should be alerted and reexamine the risk/benefit ratio of perioperative corticosteroids.

Therefore, it is necessary to systematically review the existing studies so as to assess the beneficial and adverse effects of perioperative corticosteroids, which may furthermore guide the decision-making on perioperative corticosteroids in pediatric cardiac surgery.

We performed a systematic review of previous literatures and conducted a meta-analysis restricted to randomized controlled trials (RCTs) to determine the effects of perioperative corticosteroids on outcomes in patients undergoing pediatric cardiac surgery.



METHODS


Search Strategy

Medline, Embase, and Cochrane Database were searched for articles published since inception until August 31, 2019, with a publication language restricted to English only. Two investigators (LYN, LQP) independently conducted the search and examined the bibliographies to identify potential related articles ready to be recruited. The searching strategies were as follows: [(cardiac surgery OR valve surgery OR coronary surgery) OR (cardiopulmonary bypass OR extracorporeal circulation)] AND (glucocorticoid OR steroid OR hydrocortisone OR dexamethasone OR methylprednisolone) AND (infant OR congenital OR pediatric OR pediatric OR children OR neonatal).



Eligibility Criteria

The two investigators referred in the searching process (LYN, LQP) screened titles and abstracts of the retrieved publications in accordance with the following inclusion criteria: (i) published in English; (ii) carried out as randomized controlled clinical trials; (iii) age of patients included in the original studies below 18 years; (iv) scheduled for congenital cardiac surgery; and (v) steroid perioperatively administered. Studies without reporting the primary or secondary outcomes or with all outcomes being reported as median and interquartile range were excluded from the study.



Data Extraction and Outcome Measures

This review was conducted following the instruction of the Cochrane Handbook for Systematic Reviews of Intervention (Version 6, 2019) (26). A predesigned data collection form was used to extract data from original studies (Table S1). Two investigators (LYN, LQP) independently perform the data extraction, and a third investigator (WX) would involve if there was any discrepancy between the data extracted from the same study. The primary outcome was all-cause in-hospital mortality. The secondary outcomes included (i) length of intensive care units stay (LOIS); (ii) duration of mechanical ventilation (DMV); (iii) postoperative insulin therapy; (iv) postoperative low cardiac output syndrome (LCOS); (v) postoperative infection; (vi) maximal temperature (Tmax) in the first 24 h postoperatively; (vii) urine output (UO) in the first 24 h postoperatively; (viii) serum lactate at postoperative day (POD) 1; (ix) blood glucose at POD1; (x) vasoactive inotrope score (VIS) at POD1; and (xi) postoperative acute kidney injury (AKI). Additional information extracted included gender, age, weight, type of surgery, study country, study period, sample size, type of corticosteroids, administration regimen, and therapy for the control group.



Risk of Bias Assessment

The “risk of bias” table integrated in the Review Manager (REVMAN) software (version 5.3; The Nordic Cochrane Center, Copenhagen, Denmark) was used to perform the quality assessment of studies included in the meta-analysis, which consisted of the parameters of bias such as random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias. Each parameter was graded as “low,” “high,” or “uncertain” to classify its risk of bias (Figure 1). The same two investigators (LYN, LQP) finished the assessment independently, with a third investigator (WX) resolving the discrepancy.


[image: Figure 1]
FIGURE 1. (A) Risk-of-bias graph: review authors' judgments about each risk-of-bias item presented as percentages across all included studies. (B) Risk-of-bias summary: review authors' judgments about each risk-of-bias item for each included study.




Statistical Analysis

All analysis was performed in Review Manager (REVMAN) software (version 5.3; The Nordic Cochrane Center, Copenhagen, Denmark). The relative risks (RRs) or weighted mean differences (WMDs) and their corresponding 95% confidence intervals (95% CIs) were calculated for dichotomous and continuous outcomes' data, respectively.

Both the chi-squared and I-squared statistics were used to assess study heterogeneity. I-squared values of 25, 50, and 75% were defined as low, median, and high heterogeneity thresholds, respectively, and p < 0.1 were considered indicative of heterogeneity.

The fixed-effects model was used predominantly in all analysis. However, a random-effects model was employed if significant heterogeneity was found among the included studies. A funnel plot was employed to assess publication bias. P < 0.05 were considered statistically significant.




RESULTS

Four hundred seventeen studies were identified after the initial searching, among which 109 were duplicates and consequently removed from the study. Three hundred eight studies were screened for the titles and abstracts, after which 267 studies were excluded for reasons including reduplicated articles, retrospective articles, review articles, and irrelevant articles. Subsequently, full texts of 41 articles were assessed for inclusion. Eventually, 17 studies (Table 1) met the predefined criteria and were included in the final meta-analysis. The process of studies' screening and selection was described in Figure 2.


Table 1. Basic data of 17 included trials.
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FIGURE 2. Flow diagram of the study selection process.



Mortality, Duration of Mechanical Ventilation, and Length of Intensive Care Unit Stay

Four hundred twenty-nine patients from seven studies were assessed for the postoperative all-cause in-hospital mortality after surgeries, of which 209 patients received corticosteroid therapy while others did not. The mortalities in the corticosteroid therapy group and the control group were 3.3 and 6.8%, respectively, without any significant difference being detected between groups (RR: 0.59; 95% CI (0.28, 1.25); P = 0.17) (Figure 3). Heterogeneity was low among studies with Chi2 = 4.69, P = 0.55, and with I2 = 0%. However, one study (25) almost had half of the included population. As a result, the sensitivity analysis was performed to detect the effect of each study in outcomes. Consequently, removing any single study did not influence the final result on mortality.


[image: Figure 3]
FIGURE 3. (A) Forest plot of corticosteroid treatment vs. control on mortality. (B) Funnel plot of corticosteroid treatment vs. control on mortality.


As for DMV and LOIS analysis, 416 patients from 10 studies were eventually analyzed. Corticosteroid therapy did not significantly decrease DMV (SMD: −0.19; 95% CI (−0.39, 0); P = 0.05) and LOIS (SMD: −0.13; 95% CI (−0.32, 0.06); P = 0.19) (Figure 4). There was no significant difference in heterogeneity identified between studies with Chi2 = 9.87, P = 0.36, I2 = 9%, and Chi2 = 9.2, P = 0.42, I2 = 2%, respectively.


[image: Figure 4]
FIGURE 4. Forest plot of corticosteroid treatment vs. control on duration of mechanical ventilation and length of intensive care unit stay.




Blood Glucose and Insulin Therapy

Corticosteroid therapy significantly increased the blood glucose at POD1 (MD: 1.38; 95% CI (0.68, 2.09); P = 0.0001) (Figure 6). There was no significant heterogeneity existing between studies (Chi2 = 0.19, P = 0.98, and with I2 = 0%) (Figure 6). Meanwhile, corticosteroids were significantly associated with a 2.69-fold higher risk of postoperative insulin therapy (16.3% vs. 5.3%; RR: 2.69; 95% CI (1.37, 5.27); P = 0.004) without effect of heterogeneity between studies (Chi2 = 2.70, P = 0.44, and with I2 = 0%) (Figure 5).


[image: Figure 5]
FIGURE 5. Forest plot of corticosteroid treatment vs. control on postoperative insulin therapy, infectious events, low cardiac output syndrome, and acute kidney injury.




Vasoactive Inotrope Score at Postoperative Day 1 and Low Cardiac Output Syndrome

Corticosteroid therapy had a significantly favorable reduction on the VIS at POD1 compared with controls (MD: −2.04; 95% CI (−3.96, −0.12); P = 0.04) (Figure 6). However, the incidence of LCOS showed no significant difference between groups with or without corticosteroid therapy (RR, 0.78; 95% CI (0.60, 1.02); P = 0.07) (Figure 5). These two results were not influenced by heterogeneity between studies (Chi2 = 0.52, P = 0.91, and with I2 = 0% in the former; Chi2 = 5.88, P = 0.12, and with I2 = 49% in the latter).


[image: Figure 6]
FIGURE 6. Forest plot of corticosteroid treatment vs. control on blood glucose at POD1, VISmax at POD1, maximal temperature in the first 24 h postoperatively, urine output in the first 24 h postoperatively, and serum lactate at POD1.




Maximal Temperature in the First 24 h Postoperatively and Postoperative Infection

Tmax in the first 24 h postoperatively was similar in the two groups (MD: −0.08; 95% CI (−0.42, 0.27); P = 0.66) (Figure 6). The results were derived from a random-effects model as a result of the high heterogeneity between studies (Chi2 = 18.1, P = 0.01, I2 = 78%). The rates of postoperative infection events were also without any significant difference (12.7% vs. 13.3%; RR, 0.98; 95% CI (0.55, 1.72); P = 0.93) (Figure 5). The result was not influenced by heterogeneities between studies (Chi2 = 1.44, P = 0.84, I2 = 0%).



Urine Output in the First 24 h Postoperatively and Acute Kidney Injury

Three studies with 85 patients reported the UO in the first 24 h postoperatively, with no significant difference detected between the corticosteroid group and the controlled group (MD: 0.35; 95% CI (−0.06, 0.76); P = 0.10) (Figure 6). Furthermore, the risks of acute kidney injury were similar between groups (33.3% vs. 40%; RR, 0.85; 95% CI (0.63, 1.15); P = 0.29) (Figure 5). Non-significantly low heterogeneity was demonstrated between studies, which had no effect on the results (Chi2 = 4.88, P = 0.18, and with I2 = 38% in the former; Chi2 = 3.06, P = 0.22, and with I2 = 35% in the latter).



Serum Lactate at Postoperative Day 1

Three studies with 110 patients reported the serum lactate level at POD1. No significant difference was identified between the corticosteroid group and the controlled group (MD: 0.27; 95% CI (−0.03, 0.57); P = 0.08), which was not influenced by the non-significantly low heterogeneity between studies (Chi2 = 3.20, P = 0.20, I2 = 37%) (Figure 6).




DISCUSSION

Seventeen randomized controlled studies compared the effects of perioperative corticosteroids with controls on clinical outcomes in pediatric patients undergoing congenital cardiac surgeries. The included studies use different corticosteroids consisting of dexamethasone, methylprednisolone, and hydrocortisone in different doses within the time range between 4 h before CPB initiation and several days postoperatively. Despite of the variability among different studies, several important findings emerged.

For primary outcomes, perioperative corticosteroids may not reduce the postoperative all-cause in-hospital mortality, DMV, and LOIS. Systemic inflammatory response syndrome (SIRS) was common in patients undergoing CPB as a result of contacting with extracorporeal circuits, endothelial cell infiltration, and ischemia–reperfusion injury (27). Children were regarded as the most vulnerable population to this kind of SIRS due to more severe hemodilution, small circulating volume, and the implementation of more complex surgery procedures than adults (28). Corticosteroids have always been the soundest and most controversial therapy agents to inhibit the SIRS related to CPB. However, the pathophysiologic procedures as a consequence of CPB referred above were relieved significantly with the development of perfusion strategy and postoperative management strategy, resulting in decrease in mortality and morbidity (29). Early extubation became more common in some institutions either (30). Therefore, whether or to which degree the direct inhibition of SIRS by corticosteroids would eventually convert into better clinical outcomes was miserable.

A multicenter retrospective study including 46,370 children undergoing cardiac surgeries demonstrated that perioperative corticosteroids were not related to the decrease in mortality and DMV while they might significantly prolong LOIS (31). The similar result was found in another retrospective research involving neonatal patients (32). A recent randomized controlled study of 176 patients also failed to show a significant difference between corticosteroids and placebo in mortality, DMV, and LOIS with the analysis of two institutions adopting somewhat different perioperative management strategies (25), while the benefit of intraoperative corticosteroids was significant in one institution.

A meta-analysis (33) formulated with six studies demonstrated no significant improvement in clinical outcomes other than renal function with perioperative corticosteroids in neonates, while there seemed to be a trend toward a reduction in mortality of the corticosteroid group. As a consequence of the different types, regimens, and timings of corticosteroids in the involved studies of the meta-analysis, the reliability of the meta-analysis was at a lower level. In a study (34) including a more specialized population undergoing high-risk cardiac surgeries with an Aristotle score of 10 or greater, intraoperative corticosteroids shortened LOIS and achieved a further reduction in DMV with an additional preoperative dose. It seemed that perioperative corticosteroids are not as effective for clinical outcomes as for inflammatory biomarkers, especially in a low-risk population.

More supplementary results from the ongoing multicenter trials Steroids to Reduce Systemic Inflammation after Neonatal Heart Surgery (NCT03229538) and Dexamethasone in pEdiatric Cardiac Surgery (NCT02615262) might contribute to define the proper population in which the perioperative corticosteroid might be beneficial for the improvement on clinical outcomes.

For secondary outcomes, perioperative corticosteroids were associated with an elevated blood glucose value and more episodes of postoperative insulin therapy. The included studies for the assessment of blood glucose value and episodes of postoperative insulin therapy were totally different. Therefore, it was improper to distinguish whether the elevated blood glucose was the reason for postoperative insulin therapy, while hyperglycemia could be considered as the most common reason in the study population. It was reported that hyperglycemia was associated with poor clinical outcomes such as prolonged LOIS, more infectious episodes, and even increased mortality in severe patients. However, the infection episodes and maximal temperature in the first 24 h postoperatively were similar between groups as well as LOIS and mortality. We must admit that the studies included enrolled patients with different conditions, especially for the three (10, 17, 20) of them, in which only patients undergoing simple congenital heart surgeries were enrolled. These three studies played important roles on assessing the infection episodes and maximal temperature in the first 24 h postoperatively, which might be the reason for the high heterogeneity between studies in the assessment above. Consequently, whether the elevated blood glucose would influence on the final outcomes of patients was unclear.

AKI occurs in 5–33% patients undergoing congenital cardiac surgeries with CPB, on which the inflammatory response plays an important role. However, our meta-analysis demonstrated no difference between corticosteroids and controls in AKI. Morgan et al. (35) demonstrated that despite of the reduction in proinflammatory cytokines due to intraoperative corticosteroid use, it was not independently associated with AKI after cardiac surgery in children. It might imply that the mechanism of pediatric cardiac surgery-associated AKI was beyond the scope of just excessive inflammatory response. The post hoc analysis of severe AKI in the Dexamethasone for Cardiac Surgery (DECS) trial found that intraoperative high-dose dexamethasone could only reduce AKI in high-risk adults with advanced chronic kidney dysfunction (36), which indicated the limited effect of corticosteroid on AKI after the surgery technique, perfusion, and anesthesia strategies were all improved. Modified ultrafiltration used in pediatric cardiac surgeries to remove the excessive water and inflammatory mediators during CPB not only reduced the need for transfusions but also improved the associated organ injury. In addition, three (21, 24, 25) of the studies included to assess the effect of corticosteroids on AKI were conducted within the recent 5 years. Some patients in their studies received circuit primes without blood products. Meanwhile, minimized circuits were applied to some of the neonatal patients, which decreased the exposing surface directly, lowering the inflammation-associated AKI. In this circumstance, it was likely that the effect of corticosteroids would be too tiny to be covered.

Several studies demonstrated that corticosteroids might decrease the serum myocardial enzyme and improve cardiac function after congenital cardiac surgeries. Our analysis showed that corticosteroid therapy could significantly reduce the vasoactive agents used at POD1 with a tendency toward a lower rate of LCOS. Because of the heterogeneity between studies, more randomized studies should be carried out to identify whether it was just a tendency or a difference.



STUDY LIMITATIONS

There were some limitations in our study. First, we included studies using various doses, timings, and types of corticosteroids, which indicated for a subgroup analysis if enough subjects were enrolled. Second, children undergoing cardiac surgeries at all age ranges were included in this study. However, as we all know, neonates were of great difference in physiology from elder children, which reduced the generalization of the results. Meanwhile, three studies (10, 17, 20) we included only enrolled patients undergoing simple congenital heart surgeries with shorter CPB duration, which might complicate the results. Third, the 30-mg/kg dose of methylprednisolone was too much for clinical practice in some institutions. The risk–benefit profile was not applicable for these institutions. Fourth, most of the included studies had a small sample size, which may result in a small-study effect.



CONCLUSIONS

We demonstrated that perioperative corticosteroids in pediatric patients undergoing cardiac surgeries might not significantly improve clinical outcomes identified as LOIS, DMV, mortality, AKI, and LCOS other than vasoactive agents' usage at POD1. However, perioperative corticosteroids might increase the blood glucose level and episodes of insulin therapy. Perioperative corticosteroids to attenuate the inflammatory response are not supported by the available evidence from our study. More results from the ongoing randomized controlled trials Steroids to Reduce Systemic Inflammation after Neonatal Heart Surgery (NCT03229538) and Dexamethasone in pEdiatric Cardiac Surgery (NCT02615262) were urgently necessary to conclude the risk–benefit profile of perioperative corticosteroids.
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