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Background: Antibiotics are commonly used in the neonatal intensive care unit (NICU). The objective was to observe the effect of weekly antibiotic round in NICU (WARN) to the antibiotic use in NICU.

Methods: A retrospective observational study was performed. Departmental-level diagnosis categories and the parameters of antibiotic usage in NICU for the period of 2016-2017 (Phase 1) and 2018-2019 (Phase 2) were collected. WARN in NICU was started since January 2018. A time series forecasting was used to predict the quarterly antibiotic use in Phase 2, based on data from Phase 1. The actual antibiotic use of each quarter in Phase 2 was compared with the predicted values.

Results: Totally 9297 neonates were included (4743 in Phase 1, 4488 in Phase 2). The composition of the disease spectrum between Phase 1 and Phase 2 was not different (P > 0.05). In Phase 1 and Phase 2, the overall antibiotic rate was 94.4 and 74.2%, the average accumulative defined daily dose per month was 199.00 ± 55.77 and 66.80 ± 45.64, the median antibiotic use density per month was 10.31 (9.00-13.27) and 2.48 (1.92-4.66), the median accumulative defined daily dose per case per month was 0.10 (0.09-0.13) and 0.03 (0.02-0.47), the number of patients who received any kind of antibiotic per 1000 hospital days per month was 103.45 (99.30-107.48) and 78.66 (74.62-82.77), rate of culture investigation before antibiotics was 64 to 92%, respectively, and all were better than the predicted values (P < 0.01).

Conclusion: The implementation of periodical antibiotic rounds was effective in reducing the antibiotics use in the NICU.
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INTRODUCTION

Empiric antibiotic therapy is common in neonatal intensive care units (NICUs) while neonatologists await the culture results, because the clinical signs of sepsis are subtle in neonates (1) and there is a lack of consensus regarding antibiotic usage (2). It has been found that despite negative blood cultures at 48 h, 24% of asymptomatic neonates born to chorioamniotitis mothers still received antibiotics for more than 48 h (3). Furthermore, there has been a 40-fold variation in antibiotic use in NICUs (2). Antibiotic stewardship is challenging in NICUs. Strategies and tools have been developed to improve appropriate antibiotic prescription, such as the electronic health record system for preventing inadvertent prolonged antibiotic duration (4), and the implementation of an automatic 48-h antibiotic stop order in the NICU (5). Patient-driven individualized antibiotic therapy in the NICU is pivotal, which largely depends on physicians' bedside close observation and therapeutic determination. The objective of this study was to develop a stewardship strategy for antibiotics by implementing a weekly antibiotic round in the NICU (WARN), and to observe the effect of this strategy on the appropriate use of antibiotics in the NICU.



MATERIALS AND METHODS


Settings

The study was performed at Beijing Children's Hospital of Capital Medial University, the National Medical Center of Child Health, China. There were 60 beds in the level III NICU staffed by 20 neonatologists and 60 registered NICU nurses. All patients were out-born. The NICU recommended for all mothers to give maternal breast milk to their hospitalized infants, and no donor milk was used.

Daily bedside rounds were conducted by the attending neonatologists. A NICU medication handbook that was developed by the neonatologists and pharmacist based on textbooks and the current consensus was used as the working brochure for all physicians, residences, fellows, and pharmacists.



Study Design and Implementation of WARN

This was a single-center retrospective observational study, randomization was not performed. The study period was from January 1st, 2016 to December 31, 2019 (January 2016 to December 2017 was considered to be Phase 1, and January 2018 to December 2019 was considered to be Phase 2). There was no exclusion criteria and all neonates admitted in the NICU were included. The study was not blinded and was approved by the Institutional Review Board of the hospital. Individual patient information was de-identified, and there was no need to obtain written consent from the parents.

The WARN was started in the first week of January 2018, in a weekly period. In detail, the antibiotic round was performed in each Monday afternoon for 1~1.5 h, the departmental physician-in-chief led the round, a fixed group of six attending staff neonatologists and one pharmacist attended the round each time, as well. All patients who were on antibiotics, including anti-bacterial agents and anti-fungal agents, were reviewed individually and patients who were not on antibiotics were not reviewed in the antibiotics round. For each antibiotic round, a senior attending physician was assigned to collect and report the patient's name, bed number, gestational age, age at admission (d), main diagnosis, criteria for using antibiotics, kinds of antibiotics, and plan of antibiotic course. He/she also reported the total antibiotic usage of the whole NICU as the ratio of patients who were on antibiotics, ratio of patients who were on a single kind of antibiotics, ratio of patients who were on two, three, or above kinds of antibiotics, the percentage of patients who had no antibiotics in the first 48 h after admission, the spectrum of antibiotics used, and the names of the top three antibiotics used. A summary note of the antibiotic round was also recorded by this senior attending doctor. A discussion was raised by the leading physician-in-chief for reasons of antibiotics use, kinds and compositions of antibiotics, plans for the antibiotic courses, and special issues related to the use of antibiotics for each patient. The final decision regarding the use of antibiotics for an individual patient was made on the basis of group discussion.

A research assistant was assigned to collect the following data at the departmental level from the electronic history of in-hospitalization system in a monthly period: total number of patients admitted and discharged, total patients days, length of stay in hospital, main diagnosis, antibiotic use rate (AUR), antibiotic use density (AUD), number of patients who received any kinds of antibiotics per 1,000 hospital days, accumulative daily defined dose (DDD) per case, pediatric conserve antibiotics (pCAs), number of hospital bed turnover and rate of culture investigation before antibiotics. The definitions of these metrics were listed in Table 1 (6–13). The microbiological investigations included blood culture, urine culture and cerebrospinal fluid culture (The cerebrospinal fluid culture were completed if the patient needed a full septic workup).


Table 1. Definitions of metrics.
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Statistical Analysis

This was not a randomized study, and the sample size was not estimated. The intervention was WARN, and the Phase 1 and Phase 2 cohorts were selected based on the intervention start time. To compare baseline data and antibiotic consumption between the Phase 1 and Phase 2 cohorts, the χ2 test was used to compare differences in categorical variables, the two-sample t-test was used to compare parametric continuous variables, and the Mann–Whitney U test was used to compare non-parametric continuous variables. A P value < 0.05 was considered to be statistically significant, odds ratio (OR) and 95% confidence interval (95% CI) for categorical variables, mean or median difference and 95%CI for parametric or non-parametric continuous variables were also shown. Then, the metrics used to assess the antibiotic consumption running chart demarcated by season (3 month/each season) were generated. The Time Series Forecasting method was used to predict the antibiotic consumption of each quarter in Phase 2, based on the data from Phase 1. The comparison of the predicted and observed values was based on the results of the analysis. Exponential smoothing was used in the stationary sequence, and the autoregressive integrated moving average model (ARIMA) was used in the non-stationary sequence. All statistical analyses were conducted using SPSS version 23.0 (IBM, USA) and SAS version 9.4 (SAS Institute Inc., Cary, NC).




RESULTS


Patient Categories in Phase 1 and Phase 2

Totally 9297 neonates were included (4743 in Phase 1, 4488 in Phase 2). There was no statistically significant difference in the composition of the disease spectrums between the two Phases (P > 0.05, Table 2). There was also no statistically significant differences in the ratio of the number of cases with infectious disease to the total number of admission (OR = 1, 95%CI 0.92 to 1.11, P > 0.05), total number of discharge (mean difference 10.63, 95%CI−0.18 to 21.43, P > 0.05), total patient days (mean difference 56.83, 95% CI−11.02 to 124.69, P > 0.05), the median length of stay in hospital per patient (median difference−0.32, 95%CI−0.77 to 0.13, P > 0.05), or the number of hospital bed turnover (mean difference 1.69, 95%CI−2.22 to 5.61, P > 0.05) between Phase 1 and Phase 2 (Table 2).


Table 2. Baseline demographic and clinical characteristics between Phase 1 and Phase 2 cohorts.
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Comparison of Antibiotic Consumption Between Phase 1 and Phase 2

The antibiotic consumption parameters are listed in Table 3. In the Phase 1, there were 4478 of 4743 (94.4%) neonates who received antibiotics. In Phase 2, there were 3338 of 4488 (74.2%) neonates who received antibiotics (OR = 5.89, 95%CI 5.12 to 6.78, P < 0.01). Both the antibiotics use rate (Figure 1A) and the number of patients received any kinds of antibiotics per 1000 hospital days (Figure 1B) were significantly reduced in Phase 2 (P < 0.05). After WARN in Phase 2, the mean DDDs per month significantly reduced by 66% (mean difference 132.16, 95%CI 102.55 to 161.77, P < 0.01), the median AUD per month significantly decreased by 76% (median difference 7.13, 95%CI 6.11 to 8.44, P < 0.01), and the median DDDs per case and number of patients who received any kind of antibiotic per 1,000 hospital days every month reduced by 70% (median difference 0.07, 95%CI 0.06 to 0.08, P < 0.01) and 24% (median difference 25.05, 95%CI 21.32 to 28.75, P < 0.01,), respectively. Rate of culture investigation before antibiotics was increased from 62% in Phase 1 to 92% in Phase 2 (OR = 0.148, 95%CI 0.13 to 0.17, P < 0.01). In Phase 1 and Phase 2, the pCA use rates were 4.2 and 4.9%, respectively (OR = 0.85, 95%CI 0.69 to 1.03, P > 0.05). There was no statistically significant difference in the number of patients who received pCAs therapy per 1,000 hospital days between Phase 2 and Phase 1 (mean difference−1.01, 95%CI−2.09 to 0.07, P > 0.05).


Table 3. Antibiotic consumption between Phase 1 and Phase 2 cohort.
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FIGURE 1. The antibiotics consumptions after time series forecasting. The blue curve was the observed values curve from January 2016 to December 2019, the yellow curve was the predicted time-series values curve based on the data from January 2016 to December 2017, and the dots curves were the upper/lower level of 95% confidence interval of the predicted curve. The orange vertical line indicated the starting time of the weekly antibiotic round. The observed values curve for antibiotics use rates (A), number of patients who received any kind of antibiotic per 1,000 hospital days (B), antibiotic use density (C), had an overall decreasing trend from January 2016 to December 2019, but were progressively lower than the predicted values curve from January 2018 to December 2019 (P < 0.01). The pediatric conserve antibiotics rates (D) and number of patients who received pediatric conserve antibiotics per 1000 hospital days (E) were not significantly different between the observed values curve and predicted time-series values curve (P > 0.05). The observed values curve for rate of culture investigation before antibiotics (F) had an overall increasing trend from January 2016 to December 2019, but were progressively higher than the predicted values curve from January 2018 to December 2019 (P < 0.01).




Comparison of Observed and Predicted Antibiotic Consumption in Phase 2

The auto-regressive test indicated that rate of culture investigation before antibiotics was a non-stationary sequence, while the others were stationary sequences. In Phase 2, the observed overall AUR and the number of patients who received any kinds of antibiotics per 1,000 hospitals day values were all lower than their predicted values and their observed value curves were all outside the lower limit of the 95% CI of the predicted curves. In Phase 2, although decreased trend was observed in AUD, its observed value curve was within the 95% CI of the predicted value curve (Figure 1C). For the pCAs AUR and number of patients who received pCAs therapy per 1,000 hospital days in each quarter, the observed curves were basically consistent with the predicted values and were located within the 95% CI of the predicted value curves (Figures 1D,E).

The ARIMA model (1, 1, 1) was used to fit rate of culture investigation before antibiotics per quarter in Phase 2. The observed values were all higher than the predicted values and the observed value curve was beyond the upper limit of the 95% CI of the predicted value curve (Figure 1F).




DISCUSSIONS

To the best of our knowledge, this is the first report on the effect of antibiotic round on antibiotic use in the NICU as an antibiotic stewardship strategy. This study found that the WARN could reduce the antibiotic use rate and antibiotic consumption, and increase rate of culture investigation before antibiotics. Furthermore, the time series forecasting showed that the actual antibiotic consumption values were better than the predicted values based on the data before WARN.

Worldwide, a considerable proportion of antibiotics are used in non-infection cases in NICUs. A survey in the United States reported that about 50% of NICUs with zero rates of culture-proven infection had the highest antibiotic use quartile, in 127 NICUs during 2013 (2). Fjalstad et al. found that almost 26% of admitted neonates in NICUs received antibiotics without being diagnosed with infection from 2009 to 2011 in Norway (14). A study in India reported that the percentage of neonates who received antibiotics was up to 89%, including patients with no infection or unclear infection (15). Our own data from to 2016–2017 revealed a similar possible over-use of antibiotics when the antibiotic use rate was 94.4%, but the percentage of patients who were diagnosed with infection was far less. The major reasons for administering antibiotics to noninfectious neonates were as follows: (1) The clinical pictures of infectious and non-infectious neonates often overlapped (e.g., respiratory distress within 24 h of birth, transient tachypnea, feeding difficulties, etc.) (16), which cause neonatologists to be unable to fully differentiate non-septic neonates from septic neonates. It was almost a clinical routine in NIUCs to administer empiric antibiotics for 48 h while awaiting culture results. (2) It was quite often that some neonatologists would continue to use antibiotics longer than 48 h, even though the cultures were negative with respect to culture-negative sepsis (17). (3) There was a lack of fixed NICU stewardship policies, or a fixed team of senior attending neonatologists who were focusing on antibiotic use. The positive results of the WARN study indicated that fixing a team of senior neonatologists and pharmacists to routinely perform weekly antibiotic surveillance is an easy and practical way for NICU to effectively decrease antibiotic use.

The time series forecasting results showed that the actual antibiotic use after the implementation of WARN was consistently lower than the predicted values based on the data before WARN. This indicated a positive effect of WARN to help further decrease antibiotic use, in addition to other quality improvement strategies for antibiotic management. Other strategies for antibiotic stewardship have also been reported previously. For example, a neonatal sepsis calculator in an Australian perinatal referral center has been developed to reduce the number of neonates ≥35 weeks who require empirical antibiotics for suspected EOS and did not result in the late presentation of EOS or treatment delay (18), and it was estimated that antibiotic use could be reduced in a large number of neonates in the USA by applying the calculator (19). Lamba et al. showed that the antibiotic level for late onset sepsis was appropriately de-escalated by implementing the evaluation of a multidisciplinary antimicrobial stewardship team (20). Cantey et al. showed that the number of days of antibiotic therapy per 1,000 patient-days was reduced by limiting the duration of pneumonia and culture-negative sepsis to five days and setting discontinuing empirical therapy after 48 h in electronic medical records, which did not cause adverse outcomes (21). Tolia VN reported that setting an automatic stop order at 48 h for antibiotics could reduce the percentage of infants who receive antibiotics > 48 h and antibiotic days of therapy during very low birth weight infants first seven days of life (22). Thampi N et al. reported the approach of daily prospective audit and feedback as antibiotic stewardship decreased antibiotic use days of therapy per 1,000 patient-days (23). Although different forms of antibiotic stewardship have been developed in NICUs, each strategy had its limitation; thus, a better antibiotic stewardship strategy is still needed. The WARN in our study was implemented by a fixed group of senior neonatologists, including an NICU pharmacologist, and was led by the departmental head. This stewardship method is probably a better way to ensure more appropriate antibiotic usage. The final decision to use antibiotics for each patient was made on the basis of a group discussion, which could avoid the risk of inadvertent discontinuation of necessary antibiotic therapy. The same as the approach of prospective audit and feedback, antibiotic stewardship includes a fixed group of attending staff, however, the period of WARN was a week, which provided enough time for attending physician to collect the data, and we documented the content of advices, which could help review the change of prescribing practices. But the difference was mainly the time interval that Thampi et al. had the audit and feedback daily and WARN was held once per week.

The mean DDDs per month in our study were significantly reduced by 66%, and the median DDDs per case and the AUD in the previous month also significantly decreased after WARN, by 70 and 76%, respectively. Similar to our results, Astorga et al. reported that the total antibiotic doses given per patient and doses per patient-day were reduced by an automatic 48-h antibiotic stop order in electric health records (5). A study in a rural hospital NICU in India showed that DDD per 100 patient-days of third-generation cephalosporin was reduced by an antibiotic policy on sepsis (24). Although the result of the time series forecasting showed that the observed value curve of AUD after WARN was all within the 95% confidence interval of its predicted value curve, based on data before WARN, a decreasing trend was apparent in the observed value curve. The reason for the negative result in the time series forecasting may be that the result was only fit to a model based on data before WARN, which may not accurately predict all situations. Moreover, there was a large difference between the lower and upper 95% confidence intervals of the predicted value curve. The lower limit of the 95% confidence interval of the predicted value curve gradually approached zero since January, 2019, and the actual result could not exceed the predicted interval.

A study from an NICU in Poland revealed that the antibiotic consumption of bloodstream infection confirmed by microbiological test was less than that of non-confirmed bloodstream infections in very low birth weight neonates (25). Thus, timely identification of the source of infection by microbiological testing can reduce antibiotic consumption. Rate of culture investigation before conserve antibiotics in our study did not change significantly in both Phase 1 and Phase 2, while the total rate of culture investigation before antibiotics was higher in Phase 2, and the observed value curve was beyond the upper limit of the 95% confidence interval of the predicted value curve. This indicated that the positive effect of WARN enhances the concept of culture-before-using-antibiotics in NICU infants. The composition of disease spectrum and proportion of infectious diseases between Phase 1 and Phase 2 did not significantly differ. According to previous studies on antibiotic stewardship that studied the judicious use of meropenem and vancomycin (26, 27), the use of pCAs (carbapenem, linezolid, and glycopeptide) were used to evaluate the proportion of patients with serious infections. There was no significant difference in the rate of pCA use and the number of patients who received pCAs therapy per 1,000 hospital days between the two Phases.

The limitations of this study were as follows: (1) It was a retrospective single-center study. (2) The study period only included the two years before the implementation of WARN and the 2 years of WARN implementation. (3) The effect of WARN was not investigated in any specific antibiotics subgroup (such as the third-generation cephalosporin) or any specific infectious disease subgroup. (4) The days of therapy (DOT) or length of therapy (LOT) per agent were not used in this study, both of which are commonly used metrics within the pediatric population. In children, antibiotic dosing is based on body weight. As such, in order to calculate a pediatric DDD, an average body weight for the pediatric population would need to be assumed. Given there is also a large variation in body weight within this population, the question remains whether DDD is the most adequate metric to quantify antibiotic use.

In summary, the implementation of periodical antibiotic rounds provide an effective strategy for reducing overall antibiotic use in NICU neonates. WARN effectively reduced the overall antibiotic use in the NICU and provides a practical way to achieve more appropriate antibiotic use in the NICU.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary materials, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The study was approved by the Ethics Committee of Beijing Children's Hospital, Capital Medical University. 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

BW and MH conceptualized and designed the study, drafted the initial manuscript, and reviewed and revised the manuscript. GL, FJ, JW, SD, JLi, JLu, HW, YS, YM, and XW designed the data collection instruments, collected data, and reviewed and revised the manuscript. YP carried out the initial analyses. MH contributed to the conception and design of the work, and revised it critically for important intellectual content. All authors approved the final manuscript as submitted and agree to be accountable for all aspects of the work in ensuring that questions related to its accuracy or integrity are appropriately investigated and resolved.



FUNDING

This study was supported by the Special Fund of the Pediatric Medical Coordinated Development Center of Beijing Hospitals Authority (No. XTCX201816, addressed to MH).



ACKNOWLEDGMENTS

We thank the Special Fund of the Pediatric Medical Coordinated Development Center of Beijing Hospitals Authority for supporting the project, all collaborator NICUs.



ABBREVIATIONS

ARIMA, autoregressive integrated moving average model; AUD, antibiotic use density; AUR, antibiotic use rate; 95% CI, 95% confidence interval; DDD, defined daily dose; DDDs; accumulative DDD; EOS, early-onset sepsis; LOS, late-onset sepsis; NICU; neonatal intensive care unit; pCAs, pediatric conserve antibiotics; WARN, weekly antibiotic round in NICU.



REFERENCES

 1. Klinger G, Levy I, Sirota L, Valentina Boyko, Liat Lerner-Geva, Brian Reichman, et al. Outcome of early-onset sepsis in a national cohort of very low birth weight infants. Pediatrics. (2010) 125:e736–e40. doi: 10.1542/peds.2009-2017

 2. Schulman J, Dimand RJ, Lee HC, Duenas GV, Bennett MV, Gould JB. Neonatal intensive care unit antibiotic use. Pediatrics. (2015) 135:826–33. doi: 10.1542/peds.2014-3409

 3. Kiser C, Nawab U, Kiser C, Nawab U, McKenna K, Aghai ZH. Role of guidelines on length of therapy in chorioamnionitis and neonatal sepsis. Pediatrics. (2014) 133:992–8. doi: 10.1542/peds.2013-2927

 4. Patel SJ, Saiman L. Principles and strategies of antimicrobial stewardship in the neonatal intensive care unit. Semin Perinatol. (2012) 36:431–6. doi: 10.1053/j.semperi.2012.06.005

 5. Astorga MC, Piscitello KJ, Menda N, Ann M, Ebert Steven C, Ebert Michael A, Porte, et al. Antibiotic stewardship in the neonatal intensive care unit: effects of an automatic 48-hour antibiotic stop order on antibiotic use. J Pediatric Infect Dis Soc. (2019) 8:310–6. doi: 10.1093/jpids/piy043

 6. Chen J, Min R, Wang H, Zhao S, Li H, Fang P. Trends and drivers of inpatient antibiotic consumption among 89 china tertiary general hospitals from 2011Q1 to 2015Q4. Biomed Res Int. (2018) 2018:5968653. doi: 10.1155/2018/5968653

 7. Neuburger J, Harding KA, Bradley RJ, Cromwell DA, Gregson CL. Variation in access to community rehabilitation services and length of stay in hospital following a hip fracture: a cross-sectional study. BMJ Open. (2014) 4:e005469. doi: 10.1136/bmjopen-2014-005469

 8. Baggs J, Fridkin SK, Pollack LA, Srinivasan A, Jernigan JA. Estimating national trends in inpatient antibiotic use among uS hospitals from 2006 to 2012. JAMA Intern Med. (2016) 176:1639–48. doi: 10.1001/jamainternmed.2016.5651

 9. Murki S, Jonnala S, Mohammed F, Reddy A. Restriction of cephalosporins and control of extended spectrum beta-lactamase producing gram negative bacteria in a neonatal intensive care unit. Indian Pediatr. (2010) 47:785–8. doi: 10.1007/s13312-010-0118-y

 10. Liu S, Li J, Shi J. Clinical effect of comprehensive intervention on submission rates of microbiological specimens. Chin J Infect Control. (2018) 17:160–4. doi: 10.3969/j.isn.1671-9638.2018.02.015

 11. Shi J, Zhao L. A Reflection on hospital bed turnover rate. Chin Foreign Med Res. (2015) 13:148–50. doi: 10.14033/j.cnki.cfmr.2015.22.085

 12. World Health Organization?. World Health Organization Model List of Essential Medicines for Children. (2019). Available online at: https://apps.who.int/iris/handle/10665/325772 (accessed July, 2019).

 13. Bielicki JA, Sharland M, Versporten A, Goossens H, Cromwell DA. Using risk adjustment to improve the interpretation of global inpatient pediatric antibiotic prescribing. PLoS ONE. (2018) 13:e0199878. doi: 10.1371/journal.pone.0199878

 14. Fjalstad JW, Stensvold HJ, Bergseng H, Gunnar S Simonsen, Bodil Salvesen, Arild E Rønnestad, et al. Early-onset sepsis and antibiotic exposure in term infants: a Nationwide population-based study in Norway. Pediatr Infect Dis J. (2016) 35:1–6. doi: 10.1097/INF.0000000000000906

 15. Hauge C, Stålsby Lundborg C, Mandaliya J, Marrone G, Sharma M. Up to 89% of neonates received antibiotics in cross-sectional Indian study including those with no infections and unclear diagnoses. Acta Paediatr. (2017) 106:1674–83. doi: 10.1111/apa.13935

 16. Bekhof J, Reitsma JB, Kok JH, Van Straaten IH. Clinical signs to identify late-onset sepsis in preterm infants. Eur J Pediatr. (2013) 172:501–8. doi: 10.1007/s00431-012-1910-6

 17. Cantey JB, Wozniak PS, Sánchez PJ. Prospective surveillance of antibiotic use in the neonatal intensive care unit: results from the sCOUT study. Pediatr Infect Dis J. (2015) 34:267–72. doi: 10.1097/INF.0000000000000542

 18. Strunk T, Buchiboyina A, Sharp M, Nathan E, Doherty D, Patole S. Implementation of the neonatal sepsis calculator in an australian tertiary perinatal centre. Neonatology. (2018) 113:379–82. doi: 10.1159/000487298

 19. Escobar GJ, Puopolo KM, Wi S, Turk BJ, Kuzniewicz MW, Walsh EM, et al. Stratification of risk of early-onset sepsis in newborns ≥ 34 weeks' gestation. Pediatrics. (2014) 133:30–6. doi: 10.1542/peds.2013-1689

 20. Lamba V, D'souza S, Carafa C, Zepf A, Bassel CL, Gutierrez M, et al. Standardizing the approach to late onset sepsis in neonates through antimicrobial stewardship: a quality improvement initiative. J Perinatol. (2020) 40:1433–40. doi: 10.1038/s41372-019-0577-5

 21. Cantey JB, Wozniak PS, Pruszynski JE, Sánchez PJ. Reducing unnecessary antibiotic use in the neonatal intensive care unit (SCOUT): a prospective interrupted time-series study. Lancet Infect Dis. (2016) 16:1178–84. doi: 10.1016/S1473-3099(16)30205-5

 22. Tolia VN, Desai S, Qin H, Polli D, Rayburn Grace Poon, Karna Murthy, et al. Implementation of an automatic stop order and initial antibiotic exposure in very low birth weight infants. Am J Perinatol. (2017) 34:105–10. doi: 10.1055/s-0036-1584522

 23. Thampi N, Shah PS, Nelson S, Agarwal A, Steinberg M, Diambomba Y, et al. Prospective audit and feedback on antibiotic use in neonatal intensive care: a retrospective cohort study. BMC Pediatr. (2019) 19:105. doi: 10.1186/s12887-019-1481-z

 24. Jinka DR, Gandra S, Alvarez-Uria G, Torre N, Tadepalli D, Nayakanti RR. Impact of antibiotic policy on antibiotic consumption in a neonatal intensive care unit in india. Indian Pediatr. (2017) 54:739–41. doi: 10.1007/s13312-017-1165-4

 25. Rózańska A, Wójkowska-Mach J, Adamski P, M Borszewska-Kornacka, E Gulczyńska, M Nowiczewski, et al. Antibiotic consumption in laboratory confirmed vs. non-confirmed bloodstream infections among very low birth weight neonates in Poland. Ann Clin Microbiol Antimicrob. (2017) 16:20. doi: 10.1186/s12941-017-0196-y

 26. Ting JY, Paquette V, Ng K, Sarka Lisonkova, Valoria Hait, Sandesh Shivanada, et al. Reduction of inappropriate antimicrobial prescriptions in a tertiary neonatal intensive care unit after antimicrobial stewardship care bundle implementation. Pediatr Infect Dis J. (2019) 38:54–9. doi: 10.1097/INF.0000000000002039

 27. Holzmann-Pazgal G, Khan AM, Northrup TF, Domonoske C, Eichenwald EC. Decreasing vancomycin utilization in a neonatal intensive care unit. Am J Infect Control. (2015) 43:1255–7. doi: 10.1016/j.ajic.2015.06.028

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.

Copyright © 2020 Wang, Li, Jin, Weng, Peng, Dong, Liu, Luo, Wu, Shen, Meng, Wang and Hei. 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.



OPS/images/fped-08-604244-t002.jpg
Characteristics

First diagnosis of

discharge, n (%)
Sepsis/Suspected
sepsis
Neonatal meningitis
Neonatal pneumonia
Hyperbilirubinemia
Surgical intervention
IH
HIE or Convulsions
Others.

Infectious diseases at

discharge, n (%)

Total number of

admission per month,
o

Total patient days per
month, d**

Median length of stay in
hospital, d*

Hospital bed tumover
per month, times™*

Phase 1*

417 (8.79%)

131 (2.76%)
535 (11.28%)
1006 (21.21%)
64(1.35%)
231 (4.87%)
866 (18.26%)
1439 (30.34%)
1083 (22.8%)

197.63+20.68

1820.96 + 126.31

9.13 (8.73-9.43)

97.97 £ 8.26

Phase 2*

356 (7.93%)

125 (2.79%)
536 (11.94%)
896 (19.96%)
76 (1.69%)
187 (4.17%)
885 (19.72%)
1427 (31.80%)
1017 (22.7%)

187+£16.23

1764.13 + 107.58
9.53 (8.81-10.00)

06.28 + 4.75

P value

0.113*

0843

0.064

0.099

0.132

0.389

HIE, hypoxia ischemia encephalopathy; IVH, Intracranial ventricular hemorrhage.
“Phase 1 was from January, 2016 to December, 2017, and Phase 2 was from January,

2018 to December, 2019.

#The P value for the difference of diagnosis composition in each Phase.
“Data presented as mean = SD.
&Data presented as median (Inter Quartile Range, IQR, Q25 - Q75).
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Characteristics Phase 1*

Antibiotics use 94.4% (4478)
rate, % (n)

Pediatric conserve 4.2% (197)
antibiotics use

rate, % (n)

Rate of culture 64% (2854)
investigation

before antibiotics,

% (n)

Rate of culture 99% (195)
investigation

before conserve

antibiotics, % (n)

AUD 10.31 (9.00-13.27)
DDDs* 199.00 + 65.77
DDDs per case 0.10 (0.09-0.18)
Number of 103.45 (99.30-107.48)
patients who

received any kinds
of antibiotics per

1000 hospital

days, n'

Number of 456.+204
patients who

received pediatric

conserve

antibiotics per

1000 hospital

days, n"*

Phase 2*
74.2% (3328)

4.9% 219)

92% (3069)

98.6% (216)

2.48(1.92-4.66)
66.80 + 45.64
0.08 (0.02-0.47)

78.66 (74.62-82.77)

557 +£1.65

P value

<001

0.093

<001

0.74

<001
<001
<001
<001

0.066

AUD, Antibiotic use density; DDD, Defined daily dose.

* Phase 1 was from January, 2016 to December, 2017, and Phase 2 was from January,

2018 to December, 2019.
“Data presented as mean =+ SD.

#Data presented as median (Inter Quartile Range, IQR, Q25— Q75).
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Metrics
Total patient days.
Length of stay in hospital

(08, g
Antibiotic use rate

Daily defined dose (DDD)

The accumulative DDD
(0DDs)

Antibiotic use density

Rate of culture
investigation before
antibiotics.

Hospital bed turnover

Pediatric conserve
antibiotics.

Definition

The number of patients who were treated the
same periodx Average days in hospital (6).

The number of days between the admission date
to hospital and the date of discharge from (7).

The proportion of patients received at least one
Kind antibiotic therapy to the total number of
patients discharged (8).

‘The international standard unit of measurement
and s a measure of the average maintenance
dose per day for a drug (9).

‘The sum of DDD of all drugs used. The formuta
for calculating DDDs is: DDDs = Y (total
consumption of a specific drug (g) / DDD of the
specific drug) (6).

DDDs *100/ (The number of patients who were
treated the same period*Average days in
hospital) (6)

The number of culture (blood culture, GSF or
urine culture i clinically necessary) completed
before any antibiotics/Total number of patients
who recsived antibiotic therapy*100% (10).

‘The total number of patients discharged divided
by the average number of hospital bed provided,
which is associated with the spectrum and
severity of diseases (11).

Carbapenems, Glycopeptides and Linezolids
were considered to be the watch and reserved
group of antibiotics (12, 1).
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