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Objective

We aimed to evaluate the effect of procalcitonin (PCT) guided therapy on antibiotic exposure in pediatric patients with infectious disease.



Methods

We performed an updated systematic review and meta-analysis of randomized controlled trials (RCTs) identified in systematic searches of MEDLINE, Embase, the Cochrane Database, Google Scholar, and SinoMed (through July 2021). The primary outcome was the length of the antibiotic therapy. Required information size (RIS) was calculated using trial sequential analysis (TSA).



Results

Four RCTs with 1,313 patients with infectious disease were included. Overall, after a mean 22-day follow-up, PCT-guided antibiotic therapy was associated with a significantly shorter length of antibiotic therapy compared with the control group (WMD, −2.22 days; 95% CI, −3.41 to −1.03; P <0.001) and a decreased rate of antibiotic adverse events (RR, 0.25; 95% CI, 0.11–0.58; P <0.001). However, the length of hospital stay (WMD, −0.39 days; 95% CI, −0.84 to 0.07; P = 0.094), rates of antibiotic prescription (RR, 1.10; 95% CI, 0.97–1.25; P = 0.122), hospital readmission (RR, 1.03; 95% CI, 0.92–1.16; P = 0.613) and mortality (RR, 0.73; 95% CI, 0.17–3.19; P = 0.674) were comparable between the PCT-guided antibiotic and control groups. TSA showed that the RIS was 2,340, indicating a statistically significantly shorter length of antibiotic therapy between PCT-guided antibiotic and control groups (P <0.05).



Conclusions

PCT-guided management seems to be able to decrease antibiotic exposure in patients with infectious disease. However, much larger prospective clinical studies are warranted to confirm these findings.
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Introduction

Procalcitonin (procalcitonin, PCT) is a new inflammatory indicator discovered by Assicot et al. in 1993. PCT is a more specific infection-related biological marker index for diagnosing bacterial infection than CRP (Wacker et al., 2013). In recent years, it has been recognized that PCT is a good indicator of the inflammatory response caused by bacterial infection. It is a precursor of calcitonin (CT) with no hormone activity. Its half-life is 25–30 h, and it has good stability in vitro and in vivo. It is not affected by hormone levels in the body. Under physiological conditions, thyroid C cells are the main cellular source of PCT (Simon et al., 2004). Under pathological conditions, the site of PCT production in the body is mainly located in the liver. Other neuroendocrine cells such as peripheral blood mononuclear cells, spleen, lung, or small intestine are also important sites for PCT production. It can hardly be detected in the serum of healthy people. In patients with systemic bacterial infection (especially sepsis and Gram-negative bacterial infection), the serum PCT level increases early, rapidly, and lasts for a long time, whereas in viral infection, in patients with autoimmune diseases, and in patients with localized infections, PCT levels are maintained in the normal range or slightly elevated (Pontrelli et al., 2017). PCT levels also increase significantly with the increase in the severity of infectious diseases. The serum PCT level increases 3 to 6 h after the onset of a bacterial infection, reaches a peak at 8 to 24 h, and has a half-life of 22 to 35 h. Therefore, levels of PCT can be used as good indicators for the early diagnosis of systemic bacterial infection and sepsis (Lee et al., 2020).

In addition to early, timely, and accurate diagnosis of systemic bacterial infection in children, active control of infection and correct selection of antibiotics are the keys to improving the success rate of treatment. In routine clinical practice, when the exact pathogenic bacteria and drug susceptibility results are unknown, the antibiotic therapy regimen is often empirical. Many conditions, such as the local and hospital microbiological data and antibiotic susceptibility, the severity of the disease of the child, the antibiotic susceptibility of common pathogens, and the risk of drug-resistant bacterial infections (Pletz et al., 2020). Initially, the broadest-spectrum antibiotics or combined antibiotics are often selected to strive to cover all possible pathogenic bacteria quickly to control the infection. When the bacterial culture and drug susceptibility results are available, narrow-spectrum antibiotics can be used in a targeted manner (Modi and Kovacs, 2020). However, empirical antibiotic therapy often has the problem of blind application or abuse of antibiotics, which not only affects the therapeutic efficacy, increases the economic burden, but also promotes the production of drug-resistant bacteria (Barreiro and Barredo, 2021).

Dynamic monitoring of PCT levels can be used to guide the rational use of antibiotics (Pletz et al., 2020). A large number of randomized controlled studies (RCT) have confirmed that PCT levels could be used to guide the initiation and/or stop of antibiotic therapy in community-acquired pneumonia (CAP), acute exacerbation of chronic obstructive pulmonary disease, acute bronchitis, and sepsis (Picart et al., 2016; Carpenter, 2018). Furthermore, during the COVID-19 pandemic, PCT testing was widely introduced at hospitals. However, the efficacy of PCT-guided treatment during the COVID-19 pandemic should be confirmed, though several studies indicated the potential to help COVID-19 patients with bacterial co-infection (Llewelyn et al., 2022; Wolfisberg et al., 2022). It can significantly reduce antibiotic exposure without affecting treatment outcomes. A 2017 published Cochrane systematic review analyzed data on 6,708 patients with acute respiratory infection from 26 RCTs and showed that the PCT-guided group had lower 30-day mortality (8.6% vs. 10%, P = 0.037), a 2.4-day reduction in antibiotic exposure time (5.7 days vs. 8.1 days, P <0.001), and antibiotic-related adverse events (16.3% vs. 22.1%, P <0.001) (Schuetz et al., 2017). Therefore, according to the level of PCT, a revised antibiotic therapy regimen for patients with suspected or confirmed bacterial infection can help reduce the exposure time to antibiotics.

However, no RCT published after 2016 demonstrated that PCT-guided management was associated with decreased antibiotic exposure compared with empirical care, which might be associated with the recent progress in antibiotic stewardship or access to infectious disease in the empirical care group (van der Does et al., 2018; Chomba et al., 2020). Meanwhile, the vast majority of RCTs supporting PCT-guided antibiotic therapy have been performed in adult patients, and the role of PCT-guided antibiotic therapy in pediatrics with infection is still very limited (Mathioudakis et al., 2017; Schuetz et al., 2018).

Therefore, as the evidence gathered has recently increased, we have performed a meta-analysis and a trial sequential analysis (TSA) to evaluate the effect of PCT-guided therapy on antibiotic exposure in pediatrics with infectious disease.



Methods


Data sources and search strategies

We searched MEDLINE (source, PubMed from 2005 to July 2021), Embase (2005 to July 2021), the Cochrane Controlled Clinical Trials Register Database (to July 2021), Google Scholar (to July 2021), SinoMed (to July 2021), and the ClinicalTrials.gov website (to July 2021) using the terms “infection,” “pneumonia,” “sepsis,” “procalcitonin,” “pediatric,” “children,” “length of antibiotic therapy,” and “randomized trial.” Manual reference checking of the bibliographies of all relevant articles was performed. No restrictions were applied. The review was registered at https://inplasy.com/.



Study selection

We first conducted an initial screening of titles and abstracts; the second evaluation was based on a full-text review. Trials were considered eligible if they met these criteria: 1) pediatric patients with infection (pneumonia, low respiratory tract infection, sepsis); 2) pediatrics in the PCT group were given PCT-guided antibiotic therapy regimen; 3) pediatrics in the control group were treated with empirical antibiotic regimen; 4) primary outcome of interest was the length of antibiotic therapy; and 5) the study was an RCT. Exclusion criteria were (1) neonate, adult patients; (2) complicated with immune deficiency (malignancy, bone marrow transplantation, solid organ transplant), or infection requiring prolonged antibiotic therapy (endocarditis, mediastinitis, osteomyelitis); (3) single-arm study; (4) without primary outcome; (5) cohort study, retrospective study, animal study, case report, or review; and (6) duplicated data.



Data extraction

Two reviewers extracted data concerning patient characteristics, the PCT-guided and empirical antibiotic therapy regimens used, study quality, and clinical outcomes using a standard data-collection form. Disagreements are resolved by discussion.

The primary outcome was the length of the antibiotic therapy. Secondary outcomes were the length of hospital stay, rates of antibiotic prescription, hospital readmission, mortality, and antibiotic adverse events.



Quality assessment

The Preferred Reporting Items for Systemic Reviews and Meta-Analyses (PRISMA) statement (Moher et al., 2009) was followed. Two reviewers assessed the quality of the selected trials. Components used for quality assessment were means of generation of random sequence, allocation concealment, blinding of outcome assessment, and selective outcome reporting.



Data synthesis and analysis

Results were analyzed quantitatively with STATA 14.0 software (Stata Corp, California, USA) using the fixed-effects model (DerSimonian and Laird, 1986). We calculated the pooled relative risk (RR) for dichotomous outcomes and the weighted mean difference (WMD) for continuous data with 95% confidence intervals (CI).

Heterogeneity was examined by the I2 statistic and the chi-square test. A value of I2 >50% was considered a substantial level of heterogeneity (DerSimonian and Laird, 1986). Once heterogeneity was noted, between-study sources of heterogeneity were investigated using subgroup analysis by stratifying original estimates according to study characteristics. Sensitivity analyses were conducted to determine the influence of individual trials on the overall pooled results. All analyses were performed according to the intention-to-treat principle. Statistical significance was set at 0.05 for the Z-test for RR.



Trial sequential analysis

In the meta-analyses, trial sequential analysis (TSA) was used to reduce the risk of reaching a false-negative conclusion (Wetterslev et al., 2017). When the cumulative Z-curve crossed the trial sequential monitoring boundary or entered the futility area, a sufficient level of evidence for the anticipated intervention effect was reached, and no further trials were required. If the Z-curve did not cross any boundary and the required information size (RIS) had not been reached, the evidence to conclude that it was insufficient was more trials needed to confirm the results. In this TSA for the length of antibiotic therapy, we estimated the RIS based on a mean difference reduction of −2.0 days. The type I error (α) = 0.05 (two-sided) and power (1 − β) = 0.80. The variance was 20.0. The I2 value was 90%. TSA was conducted using TSA Version 0.9.5.10 Beta (www.ctu.dk/tsa).




Results


Search results

We initially identified 219 potentially relevant articles. Seventy studies were considered of interest and were retrieved for full-text review. Seventeen articles were excluded owing to duplication (n = 6), reviews (n = 5), incorrect comparisons (n = 4), and no clinical outcomes (n = 3). Therefore, four randomized trials were finally included in the analysis. Figure 1 shows a flowchart showing the process of study selection.




Figure 1 | Flow diagram.





Study characteristics

Four published RCTs with a total of 1,313 patients were included, and all have completed and reported the clinical outcomes (Esposito et al., 2011; Baer et al., 2013; Dai et al., 2015; Katz et al., 2021). One RCT (Esposito et al., 2011) enrolled pediatrics with community-acquired pneumonia, two (Baer et al., 2013; Dai et al., 2015) with acute lower respiratory tract infection, and one (Katz et al., 2021) with sepsis. In all RCTs (Esposito et al., 2011; Baer et al., 2013; Dai et al., 2015; Katz et al., 2021), the antibiotic therapy regimen was modified according to the results of PCT. Antibiotic initiation was when the PCT level was >0.25 ug/L (Esposito et al., 2011; Baer et al., 2013; Dai et al., 2015; Katz et al., 2021); discontinuation was when clinical stabilization and PCT level were <0.25 ug/L (Esposito et al., 2011; Baer et al., 2013; Dai et al., 2015; Katz et al., 2021); continuation was when PCT level decreased <80% of the peak level (Dai et al., 2015); escalation was when PCT level was ≥0.5 ug/L or increased compared with peak level (Katz et al., 2021). Meanwhile, the PCT-guided antibiotic therapy regimen was overruled when life-threatening infections occurred, such as severe co-morbidity, hemodynamic, or respiratory instability (Baer et al., 2013). Meanwhile, in the empirical antibiotic regimen group, antibiotic initiation was decided based on physical examination and guidelines. Mild CAP cases took antibiotic monotherapy and severe CAP cases took beta-lactam plus macrolide therapy. The duration of antibiotic therapy was usually 7–17 days, depending on the disease severity. For uncomplicated infections, 7–10 days of antibiotic therapy is appropriate. However, for complicated and severe infections, such as sepsis, empyema, abscess, and parapneumonic effusions, 14 days or more of antibiotic therapy is required (Esposito et al., 2011; Baer et al., 2013; Dai et al., 2015; Katz et al., 2021). Primary endpoints were antibiotic prescription in three studies (Esposito et al., 2011; Baer et al., 2013; Dai et al., 2015), and antibiotic days of therapy in another study (Katz et al., 2021) (Table 1).


Table 1 | Baseline characteristics of clinical trials included.



Among the pediatrics enrolled, the average age was in the range of 2.3 to 4.7 years. The total number of patients in each study was in the range of 270–337, and most were male. About 67.5% of pediatrics had pneumonia, and 14.7% had non-CAP lower respiratory tract infections. The average levels of PCT were 0.97 ug/L, C-reactive protein was 51.0 mg/L, and leukocytes were 13.7 cells/ul. Most pediatrics were followed up for less than 1 month, and the average follow-up period was 22 days (Table 2).


Table 2 | Baseline characteristics of patients in the PCT-guided and empirical antibiotic therapy groups.





Methodological quality assessment

Four trials randomized the participants and reported the details about the means of generation of random sequences (Esposito et al., 2011; Baer et al., 2013; Dai et al., 2015; Katz et al., 2021). Two studies used satisfactory methods of concealed treatment allocation (Baer et al., 2013; Dai et al., 2015). Blinding of participants and personnel was reported in two studies (Baer et al., 2013; Dai et al., 2015). There was a low risk of attrition bias and reporting bias in all studies (Figure 2).




Figure 2 | Quality evaluation with Cochrane’s risk of bias tool.





Primary endpoint

The length of antibiotic therapy: All four trials (Esposito et al., 2011; Baer et al., 2013; Dai et al., 2015; Katz et al., 2021) provided data about the length of antibiotic therapy. There were 658 pediatrics in the PCT-guided antibiotic therapy group and 655 patients in the control group. Compared to the control group, PCT-guided antibiotic therapy was associated with a significantly shorter length of antibiotic therapy of about 2.22 days (WMD, −2.22 days; 95% CI, −3.41 to −1.03; P <0.001) (Figure 3). There was a high level of heterogeneity (I2 = 89.0%). However, sensitivity analysis was performed by removing each of the trials individually, which did not detect any influence on the length of antibiotic therapy.




Figure 3 | PCT-guided treatment was associated with shorter length of antibiotic therapy.





Secondary endpoints

Length of hospital stay: Length of hospital stay was shown in all four trials (Esposito et al., 2011; Baer et al., 2013; Dai et al., 2015; Katz et al., 2021). Overall, PCT-guided antibiotic therapy was associated with a comparable length of hospital stay compared to the control group (WMD, −0.39 days; 95% CI, −0.84 to 0.07; P = 0.094) (Figure 4). In addition, there was a high level of heterogeneity (I2 = 79.2%).




Figure 4 | PCT-guided treatment was associated with similar length of hospital stay.



Antibiotics prescription: The rate of antibiotic prescription was shown in four trials (Esposito et al., 2011; Baer et al., 2013; Dai et al., 2015; Katz et al., 2021). Overall, PCT-guided antibiotic therapy was associated with a similar rate of new antibiotic prescription compared to the control group (RR, 1.10; 95% CI, 0.97–1.25; P = 0.122) (Figure 5). And there was a low level of heterogeneity (I2 = 0).




Figure 5 | PCT-guided treatment was associated with similar rate of antibiotics prescription.



Hospital readmission: All four studies (Esposito et al., 2011; Baer et al., 2013; Dai et al., 2015; Katz et al., 2021) reported the rates of hospital readmission. Overall, PCT-guided antibiotic therapy was not associated with significantly decreased rates of hospital readmission (RR, 1.03; 95% CI, 0.92–1.16; P = 0.613) compared with the control group (Figure 6). Meanwhile, there was a low level of heterogeneity (I2 = 4.7%).




Figure 6 | PCT-guided treatment was associated with similar rate of hospital readmission.



Mortality: Only one study (Katz et al., 2021) reported the rates of mortality. Overall, PCT-guided antibiotic therapy was associated with similar rates of mortality (RR, 0.73; 95% CI, 0.17–3.19; P = 0.674) compared with the control group.

Antibiotic adverse event: The rate of antibiotic adverse events was reported in four studies (Esposito et al., 2011; Baer et al., 2013; Dai et al., 2015; Katz et al., 2021), and was significantly decreased in the PCT-guided antibiotic therapy group compared with the control group (RR, 0.25; 95% CI, 0.11–0.58; P <0.001) (Figure 7). Meanwhile, there was a high level of heterogeneity (I2 = 92.8%).




Figure 7 | PCT-guided treatment was associated with decreased rate of antibiotic adverse event.





Trial sequential analysis

The TSA analysis showed that, assuming a mean difference of 2.0 days between PCT-guided antibiotic therapy and control groups in the length of antibiotic therapy, the RIS required 2,340 participants. The cumulative Z curve crossed trial sequential boundaries, indicating statistically significant differences in the length of antibiotic therapy between groups (Figure 8).




Figure 8 | Trial sequential analysis.






Discussion

This meta-analysis, including all the available evidence, showed that the application of PCT can guide the antibiotic management of pediatrics with infective disease, not only shorten the length of antibiotic therapy (WMD, −2.22 days; 95% CI, −3.41 to −1.03), but also decrease the risk of antibiotic adverse events (RR, 0.25; 95% CI, 0.11–0.58).

In addition to assessing and monitoring the severity of disease, PCT can also be used to guide antibiotic therapy. The SAPS studies (de Jong et al., 2016) included adult patients with suspected or confirmed bacterial infection in the ICU, and evaluated the effect of a PCT level-guided strategy on antibiotic exposure time and mortality. In the study, 49% were hospital-acquired infections and 64% were lung infections. The PCT-guided group discontinued antibiotics when PCT was <0.5 ug/L or decreased by ≥80% (de Jong et al., 2016). The results showed that compared with the control group, the exposure time of antibiotics in the PCT-guided group was markedly shortened (7.5 day vs. 9.3 day). Meanwhile, 28-day (20% vs. 25%) and 1-year mortality (36% vs. 43%) were significantly lower in the PCT-guided group (de Jong et al., 2016). In the ProVAP study, for enrolled patients with ventilator-associated pneumonia, after 72 h of initial antibiotic treatment, the reduction or discontinuation of antibiotic dose is adjusted according to the PCT level (Stolz et al., 2009): (1) When PCT is <0.25 ug/L, it is strongly recommended not to use antibiotics; (2) PCT is at 0.25–0.5 ug/L or decrease by ≥80%, it is recommended to reduce or stop antibiotics; (3) PCT is ≥0.5 ug/L or decrease by <80%, which indicates that bacterial infection still exists, and dose reduction or discontinuation is not recommended; (4) When PCT is >1 ug/L, discontinuation is strongly not recommended. The authors found that compared with the control group treated according to the guideline, the overall duration of antibiotic therapy in the PCT-guided group was significantly shortened by 27% (P = 0.038). Moreover, after 72 h of initial treatment, the proportion of patients who were de-escalated to monotherapy in the PCT-guided group was significantly higher than the control group (54% vs. 28.6%, P = 0.008) (Stolz et al., 2009). Recently, the PROGRESS study confirmed that in inpatients with sepsis, PCT-guided antibiotic therapy was more effective in reducing infection-associated adverse events (7.2% vs. 15.3%), 28-day mortality (15.2% vs. 28.2%), length of antibiotic therapy (5 days vs. 10 days) and cost of hospitalization (P <0.001) than the standard of care guided by guidelines (Kyriazopoulou et al., 2021). Among 1,656 patients who enrolled in the largest RCT multicenter trial to date, the ProACT trial, which randomized patients to PCT-guided or usual care groups in 14 US emergency departments, there was no statistically significant difference between PCT and usual care in terms of antibiotic therapy duration or adverse outcomes (Huang et al., 2018; Huang et al., 2020). However, in the ProACT study, algorithm adherence varied significantly and was 39% for those with CAP. In addition, nearly half of published RCTs showed no significant reductions in antibiotic exposure with PCT-guided management (Briel et al., 2008; Schuetz et al., 2009; Huang et al., 2018; Daubin et al., 2018; Wussler et al., 2019; Huang et al., 2020), which may be associated with new progress in antibiotic stewardship or access to infectious disease diagnostics in the empirical group according to clinical guidelines. In a prospective twin-center cohort study, Lee et al. found that combining point-of-care viral tests with PCT levels could reduce hospital stays, intravenous antibiotics, and antibiotic escalation. The combination of PCT and Rapid Multiplex Respiratory Virus Testing could therefore be another factor to evaluate the effects of PCT-guided antibiotic use (Lee et al., 2020; Su et al., 2022). In a patient-level meta-analysis, Schuetz et al. enrolled 6,708 adult patients from 26 RCTs. Similar to our study, they found that PCT-guided antibiotic treatment for acute respiratory infections was associated with significantly lower mortality at 30 days (aOR = 0.83, 95%CI: 0.70–0.99), a 2.4-day reduction in antibiotic exposure (5.7 vs. 8.1 days) and a reduction in antibiotic-related side-effects (aOR = 0.68, 95% CI = 0.57–0.82) (Schuetz et al., 2018). Among those with acute exacerbations of chronic obstructive pulmonary disease (AECOPD), Mathioudakis et al. included 1,062 patients from eight trials and confirmed that PCT-based protocols decreased antibiotic prescription (RR = 0.56, 95% CI: 0.43–0.73) and antibiotic exposure (MD = −3.83 days, 95% CI: −4.32 to −3.35 days). However, all these studies enrolled adult patients (Mathioudakis et al., 2017). Therefore, it is difficult to extrapolate from these RCTs to the use of a PCT-guided algorithm in children with infectious disease.

In contrast to the numerous published trials enrolling adult patients, there are only four pediatric (Esposito et al., 2011; Baer et al., 2013; Dai et al., 2015; Katz et al., 2021) and two neonatal (Lee et al., 2020; Su et al., 2022) RCTs. The ProPAED trial enrolled 337 subjects with LRTIs and divided them randomly into two groups: the PCT-guided antibiotic management group (n = 168) and the usual care group (n = 169). The antibiotic management days were significantly fewer in the PCT-guided group compared with the control group (4.5 days vs. 6.3 days) (Baer et al., 2013). In another study, Esposito and his colleagues enrolled 310 hospitalized children with uncomplicated CAP and randomized them into the PCT-based management group (n = 155) or usual care group (n = 155). After follow-up, they found that the PCT-based group was associated with a significantly shorter antibiotic duration (5.37 days vs. 10.96 days). In another study of 396 pediatrics with LRTIs, there were 198 subjects in each group. Dai et al. found that the length of antibiotic therapy was significantly decreased in the PCT-guided group (4 days vs. 6 days). Meanwhile, in neonates with sepsis, PCT-guided therapy was also associated with markedly reduced duration of antibiotic therapy (P <0.001) (Stocker et al., 2010; Stocker et al., 2017). However, Katz et al. recently conducted a RCT that enrolled 270 pediatrics with sepsis, and randomized them into the PCT-guided management group (n = 137) and usual care group (n = 133). The authors found that antibiotic days of therapy were not markedly different between the two groups (6.6 days vs. 7.6 days). Similar to previous studies, our study confirmed that PCT-guided antibiotic therapy was associated with a significantly shorter length of antibiotic therapy of about 2.22 days compared to the control group (WMD, −2.22 days; 95% CI, −3.41 to −1.03; P <0.001).

Clinical guidelines for antibiotic management vary in their recommendations on PCT-guided management for pediatrics with pneumonia, reflecting the conflicting evidence in this area of research (Schuetz et al., 2019). Our study aimed to remove this uncertainty by recruiting more participants to detect a significant difference in antibiotic exposure. Of relevance, the point estimate for the length of antibiotic therapy reported showed the intervention to be more effective (WMD, −2.22 days; 95% CI, −3.41 to −1.03) compared with empirical management. A sample size calculation indicates that the TSA analysis showed that, assuming a 20% difference between the two groups, the RIS required 2,340 participants, and the accrued information size was 1,313. Therefore, more large-scaled studies are needed for even pooled evidence to have sufficient power.

Nevertheless, the evidence for this effect is not yet robust. In a recently published study, Sekmen et al. included 488 children (<18 years) with pneumonia. PCT was tested at enrollment (median, 0.37 ng/ml; IQR, 0.11 to 2.38 ng/ml). They found that PCT values were not significantly associated with higher rates of antibiotic initiation (OR = 1.02; 95% CI, 0.97%–1.06%) or empirical antibiotic selection (OR = 1.07; 95% CI, 0.97%–1.17%) (Sekmen et al., 2022). Therefore, other factors may influence antibiotic therapy decisions. Meanwhile, among children and young patients with cancer, febrile neutropenia is a common complication. Morgan et al. conducted a single-arm pilot study and showed a reduction in antibiotic duration or spectrum among 4/8 (50%) of episodes without clear microbiologically documented or clinical infection (Morgan and Phillips, 2022). Thus, there is still not sufficient evidence to conclude definitively on the effectiveness of PCT-guided treatment in the management of pediatric with infective disease, and particularly in more severely pneumonia, sepsis patients or febrile neutropenia, such as those managed in emergency center (Velissaris et al., 2021). Reporting of patient and study characteristics needs to be broader and more detailed to allow further exploration of study populations. Many PCT-guided intervention strategies evaluated in this meta-analysis are multifaceted. All previous trials enrolled pediatrics with different infectious disease (tracheitis, pneumonia, sepsis), had low adherence to the algorithm, and had small sample sizes. Furthermore, the effect of PCT-guided management in pediatrics with severe CAP or those with high compliance with the algorithm was not evaluated. Therefore, the applicability of PCT-guided antibiotic management for pediatrics to current practice needs to be confirmed in more studies.


Limitations

There are several limitations. (1) Our meta-analyses are based on study-level data with the flaws of the original study. (2) There is a risk of geographical variations. All four studies showed slight differences in the characteristics of the patient, conditions, PCT-guided treatment strategies, and following period. (3) The sample size is small. The TSA analysis showed that, assuming a 20% difference between groups in the length of antibiotic therapy, the RIS required 2,340 participants, and the accrued information size was 1,313.




Conclusions

On the basis of our pooled analysis, PCT-guided therapy appears to reduce antibiotic therapy duration and adverse event risks in pediatric patients with infectious diseases. However, the sample size is still small, and there is insufficient evidence to reach a definitive conclusion on the final effectiveness.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent from the participants’ legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.



Author contributions

PL wrote the main manuscript text. PL and JiaL analyzed the data. JiaL designed this work. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

 Baer, G., Baumann, P., Buettcher, M., Heininger, U., Berthet, G., Schäfer, J., et al. (2013). Procalcitonin guidance to reduce antibiotic treatment of lower respiratory tract infection in children and adolescents (ProPAED): a randomized controlled trial. PloS One 8 (8), e68419. doi: 10.1371/journal.pone.0068419

 Barreiro, C., and Barredo, J. L. (2021). Worldwide clinical demand for antibiotics: Is it a real countdown? Methods Mol. Biol. 2296, 3–15. doi: 10.1007/978-1-0716-1358-0_1

 Briel, M., Schuetz, P., Mueller, B., Young, J., Schild, U., Nusbaumer, C., et al. (2008). Procalcitonin-guided antibiotic use vs a standard approach for acute respiratory tract infections in primary care. Arch. Intern. Med. 168 (18), 2000–2007. doi: 10.1001/archinte.168.18.2000

 Carpenter, C. R. (2018). Review: Procalcitonin-guided starting and stopping of antibiotics in acute respiratory infections reduces mortality. Ann. Intern. Med. 168 (4), JC19. doi: 10.7326/ACPJC-2018-168-4-019

 Chomba, R. N., Moeng, M. S., and Lowman, W. (2020). Procalcitonin-guided antibiotic therapy for suspected and confirmed sepsis of patients in a surgical trauma ICU: A prospective, two period cross-over, interventional study. S Afr J. Surg. 5 (3), 143–149. doi: 10.17159/2078-5151/2020/v58n3a3341

 Dai, B. Q., Yuan, X. T., and Liu, J. M. (2015). Value of serum procalcitonin for the guidance of antibiotic therapy in children with lower respiratory tract infection. Zhongguo Dang Dai Er Ke Za Zhi. 17 (12), 1292–1296. doi: 10.7499/j.issn.1008-8830.2015.12.007

 Daubin, C., Valette, X., Thiollière, F., Mira, J. P., Hazera, P., Annane, D., et al. (2018). Procalcitonin algorithm to guide initial antibiotic therapy in acute exacerbations of COPD admitted to the ICU: A randomized multicenter study. Intensive Care Med. 44 (4), 428–437. doi: 10.1007/s00134-018-5141-9

 de Jong, E., van Oers, J. A., Beishuizen, A., Vos, P., Vermeijden, W. J., Haas, L. E., et al. (2016). Efficacy and safety of procalcitonin guidance in reducing the duration of antibiotic treatment in critically ill patients: A randomised, controlled, open-label trial. Lancet Infect. Dis. 16 (7), 819–827. doi: 10.1016/S1473-3099(16)00053-0

 DerSimonian, R., and Laird, N. (1986). Meta-analysis in clinical trials. Control Clin. Trials. 7, 177–188. doi: 10.1016/0197-2456(86)90046-2

 Esposito, S., Tagliabue, C., Picciolli, I., Semino, M., Sabatini, C., Consolo, S., et al. (2011). Procalcitonin measurements for guiding antibiotic treatment in pediatric pneumonia. Respir. Med. 105 (12), 1939–1945. doi: 10.1016/j.rmed.2011.09.003

 Huang, D. T., Yealy, D. M., Angus, D. C., and ProACT Investigators (2020). Longer-term outcomes of the ProACT trial. N Engl. J. Med. 382 (5), 485–486. doi: 10.1056/NEJMc1910508

 Huang, D. T., Yealy, D. M., Filbin, M. R., Brown, A. M., Chang, C. H., Doi, Y., et al. (2018). Procalcitonin-guided use of antibiotics for lower respiratory tract infection. N Engl. J. Med. 379 (3), 236–249. doi: 10.1056/NEJMoa1802670

 Katz, S. E., Crook, J., Gillon, J., Stanford, J. E., Wang, L., Colby, J. M., et al. (2021). Use of a procalcitonin-guided antibiotic treatment algorithm in the pediatric intensive care unit. Pediatr. Infect. Dis. J. 40 (4), 333–337. doi: 10.1097/INF.0000000000002986

 Kyriazopoulou, E., Liaskou-Antoniou, L., Adamis, G., Panagaki, A., Melachroinopoulos, N., Drakou, E., et al. (2021). Procalcitonin to reduce long-term infection-associated adverse events in sepsis. a randomized trial. Am. J. Respir. Crit. Care Med. 203 (2), 202–210. doi: 10.1164/rccm.202004-1201OC

 Lee, C. C., Chang, J. C., Mao, X. W., Hsu, W. T., Chen, S. Y., Chen, Y. C., et al. (2020). Combining procalcitonin and rapid multiplex respiratory virus testing for antibiotic stewardship in older adult patients with severe acute respiratory infection. J. Am. Med. Dir Assoc. 21 (1), 62–67. doi: 10.1016/j.jamda.2019.09.020

 Lee, C. C., Kwa, A. L. H., Apisarnthanarak, A., Feng, J. Y., Gluck, E. H., Ito, A., et al. (2020). Procalcitonin (PCT)-guided antibiotic stewardship in Asia-pacific countries: Adaptation based on an expert consensus meeting. Clin. Chem. Lab. Med. 58 (12), 1983–1991. doi: 10.1515/cclm-2019-1122

 Llewelyn, M. J., Grozeva, D., Howard, P., Euden, J., Gerver, S. M., Hope, R., et al. (2022). Impact of introducing procalcitonin testing on antibiotic usage in acute NHS hospitals during the first wave of COVID-19 in the UK: A controlled interrupted time series analysis of organization-level data. J. Antimicrob. Chemother. 77 (4), 1189–1196. doi: 10.1093/jac/dkac017

 Mathioudakis, A. G., Chatzimavridou-Grigoriadou, V., Corlateanu, A., and Vestbo, J. (2017). Procalcitonin to guide antibiotic administration in COPD exacerbations: A meta-analysis. Eur. Respir. Rev. 26 (143), 160073. doi: 10.1183/16000617.0073-2016

 Modi, A. R., and Kovacs, C. S. (2020). Community-acquired pneumonia: Strategies for triage and treatment. Cleve Clin. J. Med. 87 (3), 145–151. doi: 10.3949/ccjm.87a.19067

 Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., and PRISMA Group (2009). Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement. J. Clin. Epidemiol. 62, 1006–1012. doi: 10.1016/j.jclinepi.2009.06.005

 Morgan, J. E., and Phillips, B. (2022). PAnTher cub: procalcitonin-guided antibiotic therapy for febrile neutropenia in children and young people with cancer - a single-arm pilot study. BMJ Paediatrics Open 6, e001339. doi: 10.1136/bmjpo-2021-001339

 Picart, J., Moiton, M. P., Gaüzère, B. A., Gazaille, V., Combes, X., and DiBernardo, S. (2016). Introduction of a PCT-based algorithm to guide antibiotic prescription in COPD exacerbation. Med. Mal Infect. 46 (8), 429–435. doi: 10.1016/j.medmal.2016.07.008

 Pletz, M. W., Blasi, F., Chalmers, J. D., Dela Cruz, C. S., Feldman, C., Luna, C. M., et al. (2020). International perspective on the new 2019 American thoracic Society/Infectious diseases society of America community-acquired pneumonia guideline: A critical appraisal by a global expert panel. Chest 158 (5), 1912–1918. doi: 10.1016/j.chest.2020.07.089

 Pontrelli, G., De Crescenzo, F., Buzzetti, R., Jenkner, A., Balduzzi, S., Calò Carducci, F., et al. (2017). Accuracy of serum procalcitonin for the diagnosis of sepsis in neonates and children with systemic inflammatory syndrome: a meta-analysis. BMC Infect. Dis. 17 (1), 302. doi: 10.1186/s12879-017-2396-7

 Schuetz, P., Beishuizen, A., Broyles, M., Ferrer, R., Gavazzi, G., Gluck, E. H., et al. (2019). Procalcitonin (PCT)-guided antibiotic stewardship: An international experts consensus on optimized clinical use. Clin. Chem. Lab. Med. 57 (9), 1308–1318. doi: 10.1515/cclm-2018-1181

 Schuetz, P., Christ-Crain, M., Thomann, R., Falconnier, C., Wolbers, M., Widmer, I., et al. (2009). Effect of procalcitonin-based guidelines vs standard guidelines on antibiotic use in lower respiratory tract infections: the ProHOSP randomized controlled trial. JAMA 302 (10), 1059–1066. doi: 10.1001/jama.2009.1297

 Schuetz, P., Wirz, Y., Sager, R., Christ-Crain, M., Stolz, D., Tamm, M., et al. (2018). Effect of procalcitonin-guided antibiotic treatment on mortality in acute respiratory infections: a patient level meta-analysis. Lancet Infect. Dis. 18 (1), 95–107. doi: 10.1016/S1473-3099(17)30592-3

 Schuetz, P., Wirz, Y., Sager, R., Christ-Crain, M., Stolz, D., Tamm, M., et al. (2017). Procalcitonin to initiate or discontinue antibiotics in acute respiratory tract infections. Cochrane Database Syst. Rev. 10 (10), CD007498. doi: 10.1002/14651858.CD007498.pub3

 Sekmen, M., Johnson, J., Zhu, Y., Sartori, L. F., Grijalva, C. G., Stassun, J., et al. (2022). Association between procalcitonin and antibiotics in children with community-acquired pneumonia. Hosp Pediatr. 12 (4), 384–391. doi: 10.1542/hpeds.2021-006510

 Simon, L., Gauvin, F., Amre, D. K., Saint-Louis, P., and Lacroix, J. (2004). Serum procalcitonin and c-reactive protein levels as markers of bacterial infection: A systematic review and meta-analysis. Clin. Infect. Dis. 39 (2), 206–217. doi: 10.1086/421997

 Stocker, M., Fontana, M., El Helou, S., Wegscheider, K., and Berger, T. M. (2010). Use of procalcitonin-guided decision-making to shorten antibiotic therapy in suspected neonatal early-onset sepsis: Prospective randomized intervention trial. Neonatology 97 (2), 165–174. doi: 10.1159/000241296

 Stocker, M., van Herk, W., El Helou, S., Dutta, S., Fontana, M. S., Schuerman, F. A. B. A., et al. (2017). Procalcitonin-guided decision making for duration of antibiotic therapy in neonates with suspected early-onset sepsis: a multicentre, randomised controlled trial (NeoPIns). Lancet 390 (10097), 871–881. doi: 10.1016/S0140-6736(17)31444-7

 Stolz, D., Smyrnios, N., Eggimann, P., Pargger, H., Thakkar, N., Siegemund, M., et al. (2009). Procalcitonin for reduced antibiotic exposure in ventilator-associated pneumonia: A randomised study. Eur. Respir. J. 34 (6), 1364–1375. doi: 10.1183/09031936.00053209

 Su, M. C., Park, J. Y., Hsu, W. T., Huang, C. Y., Hsu, C. C., Yo, C. H., et al. (2022). Comment on: Impact of introducing procalcitonin testing on antibiotic usage in acute NHS hospitals during the first wave of COVID-19 in the UK: A controlled interrupted time series analysis of organization-level data. J. Antimicrob. Chemother., dkac179. doi: 10.1093/jac/dkac179

 van der Does, Y., Limper, M., Jie, K. E., Schuit, S. C. E., Jansen, H., Pernot, N., et al. (2018). Procalcitonin-guided antibiotic therapy in patients with fever in a general emergency department population: A multicentre non-inferiority randomized clinical trial (HiTEMP study). Clin. Microbiol. Infect. 24 (12), 1282–1289. doi: 10.1016/j.cmi.2018.05.011

 Velissaris, D., Zareifopoulos, N., Lagadinou, M., Platanaki, C., Tsiotsios, K., Stavridis, E. L., et al. (2021). Procalcitonin and sepsis in the emergency department: An update. Eur. Rev. Med. Pharmacol. Sci. 25 (1), 466–479. doi: 10.26355/eurrev_202101_24416

 Wacker, C., Prkno, A., Brunkhorst, F. M., and Schlattmann, P. (2013). Procalcitonin as a diagnostic marker for sepsis: A systematic review and meta-analysis. Lancet Infect. Dis. 13 (5), 426–435. doi: 10.1016/S1473-3099(12)70323-7

 Wetterslev, J., Jakobsen, J. C., and Gluud, C. (2017). Trial sequential analysis in systematic reviews with meta-analysis. BMC Med. Res. Methodol. 17 (1), 39. doi: 10.1186/s12874-017-0315-7

 Wolfisberg, S., Gregoriano, C., and Schuetz, P. (2022). Procalcitonin for individualizing antibiotic treatment: An update with a focus on COVID-19. Crit. Rev. Clin. Lab. Sci. 59 (1), 54–65. doi: 10.1080/10408363.2021.1975637

 Wussler, D., Kozhuharov, N., Tavares Oliveira, M., Bossa, A., Sabti, Z., Nowak, A., et al. (2019). Clinical utility of procalcitonin in the diagnosis of pneumonia. Clin. Chem. 65 (12), 1532–1542. doi: 10.1373/clinchem.2019.306787



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Li, Liu and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb-12-915463-g006.jpg
Events, Events, %

Year Trial Follow RR (95% CI) Treatment Control  Weight
2011 Esposito 30 0.17 (0.02,1.37) 1/155 6/155 2.57
2013 Baer 14 * 1.05 (0.88, 1.24) 104/168 100/169 42.63
2015 Dai 14 * 1.04 (0.89, 1.22) 122/198 117/198 50.03
2021 Katz 30 1.24 (0.58, 2.62) 14/137 11133  4.77
Overall (l-squared = 4.7%, p = 0.369) 1.03 (0.92,1.16) 241/658 234/655 100.00

.0203 1 49.3





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Procalcitonin-guided antibiotic therapy for pediatrics with infective disease: A updated meta-analyses and trial sequential analysis

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Data sources and search strategies

          



          		

            Study selection

          



          		

            Data extraction

          



          		

            Quality assessment

          



          		

            Data synthesis and analysis

          



          		

            Trial sequential analysis

          



        



        



        		

          Results

        

          		

            Search results

          



          		

            Study characteristics

          



          		

            Methodological quality assessment

          



          		

            Primary endpoint

          



          		

            Secondary endpoints

          



          		

            Trial sequential analysis

          



        



        



        		

          Discussion

        

          		

            Limitations

          



        



        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fcimb-12-915463-g002.jpg
e CICICIC)
(selq Bunuodal) Bunuodal aAjos|eg nnnn
(seiq uonue) ejep awoolno a)a|dwoou| nnnn

(selg uonos)ep) JUsWSSasSSe awo9)No Jo Bulpullg n

(seiq aouewlopad) [puuosiad pue syuedioiued Jo Bulpung n
(seiq uoI108|8Ss) JUBWEB2UOD UOIBIO||Y n

(selq uonos|es) uonelausb aouanbas wopuey n

Dai 2015

i1 @] @0 ©
o[ @[ 0 [@]@
oo 5| @] @@ @





OEBPS/Images/table2.jpg
First author Year Patient’s Age, Male, Pneumonia, Non-CAP PCT, CRP, leukocyte,  Follow,

Num. year % % LRTL% ug/L mg/L cells/ul d

Esposito (Esposito 2011 155/155 4347 548/ 100/100 0/0 1.8/1.8 88/71 16.3/15.2 28
et al., 2011) 568

ProPAED (Bacr et al, 2013 168/169 2729 580/ 64.0/63.0# 36.0/37.0 026/0.27  23.0/20.0 11.9/11.3 14
2013) 580

Dai (Dai et al,, 2015) 2015 198/198 2729  NR 63.1/62.1 26.9/27.9 025/021  22/20 11.8/11.4 14

Katz (Katz et al, 2021) 2021 137/133 23/16 584/ 37.2/40.6% 8.8/4.5& 0.9/0.8 NR NR 28
45.1

#, community-acquired pneumonia; $, pneumonia plus aspiration pneumonia; &, tracheitis; PCT, procalcitonin; Num., number; CAD, community-acquired pneumonia; LRTI, lower
respiratory tract infection; CRP, C-reactive protein; d., day; NR, not reported.





OEBPS/Images/fcimb-12-915463-g004.jpg
N, mean N, mean %

Year Trial Follow WMD (95% Cl) (SD); Treatment(SD); Control Weight

2011 Esposito 30 ——

‘ -1.00 (-1.51, -0.49)55, 4.8 (2.6) 155, 5.8 (1.9)24.98
2013 Baer 14 —— -0.10 (-0.40, 0.20)168, 2.6 (1) 169, 2.7 (1.7)31.38

2015 Dai 14 0.00 (-0.24, 0.24) 198, 2 (.8) 198, 2 (1.5) 33.01

2021 Katz 30 -1.00 (-2.17, 0.17)137, 6 (5.9) 133,7(3.7) 10.63

-0.39 (-0.84, 0.07)658

-2.17 0 2.17





OEBPS/Images/fcimb.2022.915463_cover.jpg
, frontiers ‘ Frontiers in Cellular and Infection Microbiology

Procalcitonin-guided antibiotic
therapy for pediatrics with
infective disease: A updated
meta-analyses and trial
sequential analysis





OEBPS/Images/fcimb-12-915463-g003.jpg
N, mean N, mean %

Year Trial Follow WMD (95% CI)  (SD); Treatment (SD); Control Weight

2011 Esposito 30 —— -4.20 (-5.16, -3.24)155, 6.1 (5.2) 155, 10.3 (3.2) 23.83

2013 Baer 14 -1.80 (-2.49, -1.11)168, 4.5 (2.9) 169, 6.3 (3.5) 25.79
2015 Dai 14 -2.00 (-2.80, -1.20)198, 4 (3.7) 198, 6 (4.4) 25.02
2021 Katz 30

-1.00 (-1.75, -0.25)137, 6.6 (3.2) 133, 7.6 (3.1) 25.36

Overall (I-squared = 89.0%, p = 0.06 -2.22 (-3.41, -1.03)658 655 100.00

NOTE: Weights are from random effects janalysis
1

-5.16 0 5.16





OEBPS/Images/fcimb-12-915463-g008.jpg
adjust is a Two-sided graph

Cumulative
Z-Score

adjust = 2340

Favours
pet
w

Number of
patients
(Linear scaled)

£3

R _
-5
-6
-7





OEBPS/Images/logo.jpg
’ frontiers ’ Frontiers in Cellular and Infection Microbiology





OEBPS/Images/fcimb-12-915463-g001.jpg
Identification

Screening

Included

Records removed before
screening:
Duplicate records removed
(n=64)
Records marked as ineligible
by automation tools (n = 12)
Records removed for other
reasons (n =18)

Records identified from*:
Databases (n =187 )
Registers (n =15)

Records screened Records excluded**

(n=108) (n = 80)

Reports sought for retrieval Reports not retrieved
(n=26) (n=10)

Reports assessed for eligibility Reports excluded:

(n=16) Review (n =5)
Incorrect comparison (n =4 )
Without clinical outcome (n
=3)

Studies included in review
(n=4)

Reports of included studies
(n=4)

Records identified from:
Websites (n =29 )
Organisations (n =17)
Citation searching (n = 21)
etc.

Reports sought for retrieval
(n=27)

Reports assessed for eligibility
(n=10)

Reports not retrieved
(n=17)

Reports excluded:
Review (n = 5)
Incorrect comparison (n =3 )
Without clinical outcome (n
=1)






OEBPS/Images/fcimb-12-915463-g007.jpg
Events, Events, %

Year Trial Follow RR (95% Cl) Treatment  Control ~ Weight
I
|
|

2011  Esposito 30 —&— 0.08 (0.03,0.17)  6/155 39/78 24.35
I
I
1

2013 Baer 14 : g 0.67 (0.50, 0.88) 56/168 57/114 30.24
|
:
1

2015 Dai 14 : b d 0.68 (0.52,0.88) 67/198 67/134  30.40
|
|

2021 Katz 30 —_— 0.03 (0.01,0.14) 2/137 3/6 15.01
|
I

Overall (I-squared = 92.8%, p = 0.000) 0.25(0.11,0.58) 131/658 166/332 100.00

NOTE: Weights are from random effects analysis
I

.00594 1 168





OEBPS/Images/table1.jpg
Trial/
First
author

Esposito
(Esposito
et al,,
2011)

Study
design

RCT

ProPAED RCT

(Baer
et al,,
2013)

Dai (Dai
et al,,
2015)

Katz

(Katz
et al,,
2021)

RCT

RCT

Patients

310 pediatrics, aged 1
month-14 years;
Diagnosed as CAP;
‘Without demonstrable
complications, including
pleural effusion, empyema,
lung necrosis,
pneumatocele

337 pediatrics, aged
1month-18 years;
Diagnosed as acute lower
respiratory tract infection

(1) 396 pediatrics, aged 1
month-18 years;

(2) Diagnosed as lower
respiratory tract infection

(1) 270 pediatrics, aged >7
day-18 years;

(2) critically ill subjects
admitted to ICU;

(3) started on antibiotics
within 1 day of enrollment

PCT-guided antibiotic
treatment regimen

(1) initiation: PCT level was
>0.25 ug/L;

(2) continuation: PCT level was
>0.25 ug/L;

(3) discontinuation: PCT level
was <0.25 ug/L;

(1) initiation: PCT level was
>0.25 ug/L;

(2) continuation on day 5: >1 ug/
L with 7 more days; 0.51-1 ug/L
with 5 more days; 0.26-0.5 ug/L
with 3 more days;

(3) discontinuation: clinical
stabilization plus PCT level was
<0.25 ug/L;

(4) overruled: life threatening
infection, including severe co-
morbidity, emerging ICU need,
hemodynamic or respiratory
instability

(1) initiation: PCT level was
>0.25 ug/L;

(2) continuation on day 5: >1 ug/
L with 7 more days; 0.51-1 ug/L
with 5 more days; 0.26-0.5 ug/L
with 3 more days;

(3) discontinuation: clinical
stabilization plus PCT level was
<0.25 ug/L;

(4) overruled: life threatening
infection

(1) deescalation: PCT level fell by
280% of peak level or was 0.25-
<0.5 ug/L;

(2) escalation: PCT level was >0.5
ug/L or increased compared with
peak level;

(3) continuation: PCT level
decreased <80% of peak level;

(3) discontinuation: PCT level
was <025 ug/L

Empirical antibiotic
regimen

(1) Antibiotic therapy was in
accordance with the SIP guidelines;
(2) Mild CAP cases took antibiotic
monotherapy;

(3) Severe CAP cases took beta-
lactam and macrolide therapy;

(4) Duration of antibiotic therapy
was 7-17 days depending on
disease severity

(1) Antibiotic therapy was initiated
based on physical assessment and
guidelines;

(2) For uncomplicated CAP, 7-10
days of antibiotic therapy is
required.

(3) For complicated CAP,
parapneumonic effusions,
empyema, abscess, 14 days or more
of antibiotic therapy is needed.

(1) Antibiotic therapy was initiated
based on physical assessment and
guidelines;

(2) For uncomplicated CAP, 7-10
days of antibiotic therapy is
required.

(3) For CAP with complications,
such as parapneumonic effusions,
empyema, abscess, 14 days or more
of antibiotic therapy is needed.

Received provider-directed
laboratory testing and antibiotic
stewardship;

(2) antibiotic stewardship consisted
of audit and in-person feedback
(i.e., handshake stewardship) from
9 am to 5 pm Monday to Friday.

Study endpoint

(1) Primary outcome: new antibiotic
prescription;

(2) Secondary outcomes: duration of fever
and oxygen therapy, length of hospital stay,
recurrence of respiratory symptoms, and
antibiotic side effects

(1) Primary outcome: antibiotic
prescription in the first 14 days following
randomization;

(2) Secondary outcome: duration of
antibiotic therapy, hospitalization, duration
of hospital stay, antibiotic side effects,
impairment of daily activity

(1) Primary outcome: antibiotic
prescription in the first 14 days following
randomization;

(2) Secondary outcome: duration of
antibiotic therapy, hospitalization, duration
of hospital stay, antibiotic side effects

(1) Primary outcome: antibiotic days of
therapy in the first 14 days following
randomization;

(2) Secondary outcomes: length of
antibiotic therapy in the first 14 days, days
of therapy of broad-spectrum antibiotic
therapy, 30-day mortality, length of ICU
stay, etc.

RCT, randomized clinical trial; PCT, procalcitonin; SIP, Italian Society of Pediatrics; ICU, intensive care unit; CAP, community-acquired pneumonia.





OEBPS/Images/fcimb-12-915463-g005.jpg
Events, Events, %

Year Trial Follow RR (95% CI) Treatment Control  Weight
2011  Esposito 30 ; 0.25(0.03,2.21) 1/155 4/155 1.92
2013 Baer 14 ; 1.12 (0.94, 1.35) 104/168 93/169  44.62
2015 Dai 14 :* 1.14 (0.96, 1.35) 121/198 106/198 51.01
2021 Katz 30 5 0.58 (0.14,2.39) 3/137 5/133 2.44
Overall (I-squared = 0.0%, p = 0.429) 1.10 (0.97, 1.25) 229/658 208/655 100.00

.0283 1 35.4





