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Background: Prophylactic indomethacin has been widely used as an effective intervention for reducing mortalities and morbidities in preterm infants including the cardiopulmonary and neurodevelopmental morbidities such as intraventricular hemorrhage (IVH), but many studies have reported contradictory outcomes regarding its significance. Therefore, we aim to systematically review and meta-analyze the data of prophylactic indomethacin on preterm infants.

Methods: Our systematic search included the following databases: Pubmed, Google Scholar, Scopus, Web of Science, The New York Academy of Medicine (NYAM), Virtual health library (VHL), and the System for Information on Grey Literature in Europe (SIGLE) to include studies that assessed the use of prophylactic indomethacin in preterm infants until 12 August 2021.

Results: The final list of our included studies is comprised of 23 randomized trials and cohort studies. Among all the studies outcomes, significant favorable outcome was lowering the rate of PDA, surgical PDA ligation (P < 0.001) and severe IVH (P = 0.008) while no significance was recorded with BPD, pulmonary hemorrhage, intraventricular hemorrhage, necrotizing enterocolitis, intestinal perforation, mortality, and length of hospital stay.

Conclusion: Since the meta-analysis results regarding effectiveness of prophylactic indomethacin varied based on the study design particularly with regard to outcomes such as surgical PDA ligation and severe IVH, this warrants the need for more evidence regarding the effectiveness of prophylactic indomethacin in very low birth weight infants.
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INTRODUCTION

Many cardiopulmonary and neurologic disabilities have been associated with preterm labor including patent ductus arteriosus (PDA), pulmonary hemorrhage, intracranial hemorrhage, and developmental delay (1–4). Although advances in modern medicine have improved the survival rates of very low birth weight (VLBW) infants, many neurodevelopmental complications are still present due to preterm birth such as blindness, deafness, and cerebral palsy. VLBW infants are at risk of developing intraventricular hemorrhage (IVH) which is usually associated with neurodevelopmental decays when related to the brain parenchyma. IVH grade 3–4 is a major risk factor for the occurrence of these complications in preterm infants (5–8). Although the incidence rate of IVH has been markedly reduced since the 1980s (9, 10), as no or minimal reductions have been recorded recently (11, 12).

Many pre- and postnatal interventions have been reported to effectively treat IVH and reduce its incidence in preterm infants (13). One of these is indomethacin prophylaxis which is better administered within the first 6 h after birth (14–17). Besides, it helps in the closure of ductus arteriosus and therefore, can prevent the complications of PDA such as pulmonary hypertension (14, 15, 18). Its mechanisms of action include prostaglandin synthesis inhibition by inhibiting the cyclooxygenase pathways, reduction of hyperemic responses resulting from cerebrovascular hypoxia and hypercapnia, increasing the blood–brain barrier permeability, and prevention of cerebral perfusion-induced ischemia (19–23). Moreover, it enhances microvascular development in the germinal matrix (24). Perfusion-related factors such as hypoxia, hypercapnia, and hypotension usually develop after birth in VLBW infants (25). Most cases of preterm infants develop IVH within 6–8 h after birth regardless of the gestational age (26). It happens probably due to the increased levels of angiopoietin 2 and vascular endothelial growth factor in the germinal matrix that normally decreases within hours after birth (13).

The results of previously published randomized controlled trials (RCTs) have shown that early administration of indomethacin after birth lowers the incidence of symptomatic PDA and severe IVH as a prophylactic measure (16, 27–29). Although indomethacin administration showed favorable outcomes in reducing IVH incidence, many concerns have arised regarding its effect on cerebral perfusion (30, 31). The rates of mortalities, bronchopulmonary dysplasia (BPD), or long-term neurodevelopmental decays reportedly seem to have been not affected. A previously published large RCT advised against using indomethacin as a prophylactic agent (15). Although the study showed favorable outcomes in terms of reducing incidence rates of PDA, PDA ligation, IVH, and pulmonary hemorrhage, no improvement regarding the incidence of death and neurodevelopmental disorders rates has been found. Therefore, in this systematic review, we aim to analyze the data of previously published investigations on the use of prophylactic indomethacin in preterm infants.



MATERIALS AND METHODS


Search Strategy and Study Selection

In accordance with the Preferred Reporting Items for Systematic Review and Meta-analyses statement (PRISMA) recommendations, we performed this systematic review and meta-analysis (32). A systematic electronic database search was conducted for relevant studies published, from inception until 12 August 2021, in seven databases: Pubmed, Google Scholar, Scopus, Web of Science, The New York Academy of Medicine (NYAM), Virtual health library (VHL), and the System for Information on Grey Literature in Europe (SIGLE). The search process was conducted using keywords, medical subject (MeSH) terms, and publication types based on the PICO framework (participants, comparison, intervention, and outcomes). Participants were any preterm infants, the intervention was the prophylactic indomethacin, the comparison was placebo or no treatment groups, and all possible outcomes were included. The systematic search was followed by a manual search in references of the included papers to include missed papers (33).

We included all original studies that assessed the use of prophylactic indomethacin in preterm infants. Papers were excluded if there were one of the following exclusion criteria: (i) non-original studies; (ii) articles in non-English language; (iii) in vitro or animal studies; (iv) data duplication, overlapping or unreliably extracted or incomplete data; and (v) abstract only articles, reviews, thesis, books, conference papers, or articles without available full texts (conferences, editorials, author response, letters, and comments). The title and abstract screening were performed by four independent reviewers. Furthermore, three independent reviewers performed full-text screening to ensure the inclusion of relevant papers in our systematic review. Any disagreement was done by discussion and consulting the senior member when necessary.



Data Extraction

Two authors made the pilot extraction of a few papers for building the data extraction sheet. The data extraction sheet included: patient’s characteristics, and outcomes. Two authors extracted the data and was reviewed by a third reviewer when necessary. If a disagreement occurred, a senior author was consulted.



Statistical Analysis

All data were analyzed using Comprehensive Meta-analysis Software Version 3.0, odds ratios (OR) and Standardized mean difference (SDM) outcomes were calculated. The corresponding 95% confidence intervals (CI) of pooled effect size were calculated using a fixed-effects or random-effects, according to heterogeneity level. Heterogeneity was assessed with Q statistics and I2 test.

The publication bias was assessed using Egger’s regression test (34, 35) and represented graphically by Begg’s funnel plot (36). when there were 10 or more studies/effect sizes. Egger’s regression test P-value <0.10 was considered significant. Whenever publication bias was found, the trim and fill method of Duvall and Tweedie was applied (37) to add studies that appeared to be missing to enhance the symmetry.




RESULTS


Search Results

We identified 3,801 records after excluding of 506 duplicates by using Endnote software version X9. Title and abstract screening resulted in 36 records for further full-text screening. The later yielded 20 eligible papers for inclusion in our study. Three papers were added after performing manual search trials. Finally, we included 23 studies for this systematic review and meta-analysis (Figure 1).
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FIGURE 1. PRISMA flowchart of the search and screening process.




Study Characteristics

Out of the 23 included studies; 15 were randomized controlled trials and the remaining eight were cohort in design. The sample size of the included studies was highly variable ranging from 19 and as high as 34,602 pre-term infants. The average mean age in all reported treatment group and control group was 27 weeks (ranging from 26 to 28 weeks). Table 1 shows the main characteristics of the included studies (15, 17, 27–29, 38–55).


TABLE 1. Characteristics of the included studies.
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Publication Bias

With regard to articles with a cohort study design, no publication bias was found in the studies relating to the outcome of death (P = 0.852) using Begg’s adjusted rank correlation test. Publication bias related to bronchopulmonary dysplasia, severe intraventricular hemorrhage, necrotizing enterocolitis and surgical PDA ligation was not assessed owing to few number of studies.

Regarding publication bias among RCT studies, overall no publication bias was found in the studies. Regarding PDA, no publication bias was found in the studies (P = 0.524) using Egger’s test (Figure 2A). No publication bias was found in studies (P = 0.458) using Begg’s adjusted rank correlation test with regard to severe interventricular hemorrhage. Regarding necrotizing enterocolitis, no publication bias was found in studies (P = 0.652) using Begg’s adjusted rank correlation test. With regard to death, no publication bias was found in the studies (P = 0.394) using Egger’s test (Figure 2B). Publication bias related to bronchopulmonary dysplasia, intraventricular hemorrhage, pulmonary hemorrhage, intestinal perforation, surgical PDA ligation and hospitalization days were not assessed owing to few studies.
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FIGURE 2. Publication bias among randomized controlled trial studies for the outcome (A) patent ductus arteriosus (B) death.


With regard to the publication bias in both cohort and RCT studies, in general no publication bias was seen with the exception of patent ductus arteriosus where publication bias was found in the studies (P = 0.083) using Egger’s test (Figure 3A). No publication bias was found related to bronchopulmonary dysplasia in studies (P = 0.543) using Begg’s adjusted rank correlation test. With regard to intraventricular hemorrhage, no publication bias was found in studies (P = 0.348) using Begg’s adjusted rank correlation test. For severe interventricular hemorrhage as well, no publication bias was found in studies (P = 0.217) using Egger’s test (Figure 3B). Regarding necrotizing enterocolitis, no publication bias was found in studies (P = 0.364) using Egger’s test (Figure 3C). With regard to death, no publication bias was found in studies (P = 0.449) using Egger’s test (Figure 3D). Using Begg’s adjusted rank correlation test, no publication bias was found in studies (P = 0.176) with regard to surgical PDA ligation. Publication bias related to pulmonary hemorrhage, intestinal perforation and hospitalization days was not assessed owing to few studies.
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FIGURE 3. Publication bias among cohort and randomized controlled trial study designs for the outcome (A) patent ductus arteriosus (B) interventricular hemorrhage (C) necrotizing enterocolitis (D) death.




Meta-Analysis of Outcomes


Bronchopulmonary Dysplasia

In the meta-analysis of cohort studies, no significant difference was seen between the group of infants given prophylactic doses of indomethacin and the placebo or no treatment group with regard to the rates of bronchopulmonary dysplasia (OR = 0.88; 95% CI = 0.53–1.46; P-value = 0.628). There was high significant heterogeneity among the included studies (I2 = 91%; P-value < 0.001) (Figure 4A).
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FIGURE 4. Meta-analysis of bronchopulmonary dysplasia from (A) cohort studies, (B) RCT studies, (C) combination of cohort and RCT studies.


Meta-analysis of RCT studies shows there was no significant difference between the group of infants with prophylactic doses of indomethacin and the group of placebo or no treatment with regard to the rates of bronchopulmonary dysplasia (OR = 1.64; 95% CI = 0.99–2.71; P-value = 0.053). There was no significant heterogeneity among the included studies (I2 = 30%; P-value = 0.234) (Figure 4B).

In the combined meta-analysis of cohort and RCT studies, there was no significant difference between the prophylactic indomethacin group and the placebo or no treatment group regarding the rates of bronchopulmonary dysplasia (OR = 1.04; 95% CI = 0.70–1.57; P-value = 0.831). There was high significant heterogeneity among the included studies (I2 = 79%; P-value < 0.001) (Figure 4C).



Patent Ductus Arteriosus

Meta-analysis of RCT studies shows infants given prophylactic doses of indomethacin have significantly lower rates of PDA compared to those who did not (OR = 0.31; 95% CI = 0.25–0.38; P-value < 0.001). There was no significant heterogeneity among the included studies (I2 = 10%; P-value = 0.341) (Figure 5A).
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FIGURE 5. Meta-analysis of patent ductus arteriosus from (A) RCT studies, (B) combination of cohort and RCT studies.


Combined meta-analysis of cohort and RCT studies shows infants given prophylactic doses of indomethacin have significantly lower rates of Patent Ductus Arteriosus compared to those who did not (OR = 0.34; 95% CI = 0.24–0.47; P-value < 0.001). However, there was medium significant heterogeneity among the included studies (I2 = 62%; P-value = 0.001) (Figure 5B).



Surgical PDA Ligation

In the meta-analysis of cohort studies, there was no significant differences between the group of infants given prophylactic doses of indomethacin and placebo or no treatment group with regard to the rates of surgical PDA ligation (OR = 3.84; 95% CI = 0.78–14.67; P-value = 0.104). There was high significant heterogeneity among the included studies (I2 = 95%; P-value < 0.001) (Figure 6A).
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FIGURE 6. Meta-analysis of surgical PDA ligation from (A) cohort studies, (B) RCT studies, (C) combination of cohort and RCT studies.


Meta-analysis of RCT studies shows infants with prophylactic doses of indomethacin have significantly lower rates of surgical PDA ligation compared to those who did not (OR = 0.50; 95% CI = 0.35–0.72; P-value < 0.001). There was no significant heterogeneity among the included studies (I2 = 0%; P-value = 0.523) (Figure 6B).

Combined meta-analysis of cohort and RCT studies shows there was no significant differences between the group of infants given prophylactic doses of indomethacin and the infants in the placebo or no treatment group with regard to the rates of necrotizing enterocolitis (OR = 1.10; 95% CI = 0.79–1.52; P-value = 0.571). There was no significant heterogeneity among the included studies (I2 = 0%; P-value = 0.825) (Figure 6C).



Pulmonary Hemorrhage

Meta-analysis of RCT studies shows there was no significant differences between the group of infants given prophylactic doses of indomethacin and placebo or no treatment group regarding the rates of pulmonary hemorrhage (OR = 0.86; 95% CI = 0.64–1.15; P-value = 0.303). There was no significant heterogeneity among the included studies (I2 = 0%; P-value = 0.606) (Figure 7).
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FIGURE 7. Meta-analysis of pulmonary hemorrhage from RCT studies.




Intraventricular Hemorrhage

Meta-analysis of RCT studies shows there was no significant differences between the group of infants given prophylactic doses of indomethacin and the placebo or no treatment group with regard to the rates of intraventricular hemorrhage (OR = 0.88; 95% CI = 0.58–1.32; P-value = 0.532). There was low heterogeneity among the included studies (I2 = 35%; P-value = 0.186) (Figure 8A).
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FIGURE 8. Meta-analysis of intraventricular hemorrhage from (A) RCT studies, (B) combination of cohort and RCT studies.


Combined meta-analysis of cohort and RCT studies shows there was no significant differences between the group with infants given prophylactic doses of indomethacin and placebo or no treatment group with regard to the rates of intraventricular hemorrhage (OR = 0.96; 95% CI = 0.73–1.25; P-value = 0.735). There was low heterogeneity among the included studies (I2 = 25%; P-value = 0.248) (Figure 8B).



Severe Intraventricular Hemorrhage

In the meta-analysis of cohort studies, no significant difference was found between the group of infants given prophylactic doses of indomethacin and the placebo or no treatment group regarding the rates of severe intraventricular hemorrhage (OR = 1.03; 95% CI = 0.67–1.57; P-value = 0.607). There was high significant heterogeneity among the included studies (I2 = 91%; P-value < 0.001) (Figure 9A).
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FIGURE 9. Meta-analysis of severe intraventricular hemorrhage from (A) cohort studies, (B) RCT studies, (C) combination of cohort and RCT studies.


For meta-analysis of RCT studies, as seen in Figure 9B, infants with prophylactic doses of indomethacin have significantly lower rates of severe intraventricular hemorrhage compared to those who did not (OR = 0.68; 95% CI = 0.51–0.90; P-value = 0.008). There was no significant heterogeneity among the included studies (I2 = 10%; P-value = 0.350).

In the combined meta-analysis of cohort and RCT studies, no significant differences between the group of infants given prophylactic doses of indomethacin and the placebo or no treatment group regarding the rates of severe intraventricular hemorrhage (OR = 0.87; 95% CI = 0.63–1.21; P-value = 0.408). However, there was high significant heterogeneity among the included studies (I2 = 81%; P-value < 0.001) (Figure 9C).



Necrotizing Enterocolitis

In the meta-analysis of cohort studies, regarding the rate of necrotizing enterocolitis, there was no significant differences between the group of infants with prophylactic doses of indomethacin and the infants in the placebo or no treatment group (OR = 1.03; 95% CI = 0.69–1.54; P-value = 0.884). There was high significant heterogeneity among the included studies (I2 = 84%; P-value < 0.001) (Figure 10A).
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FIGURE 10. Meta-analysis of necrotizing enterocolitis from (A) cohort studies (B) RCT studies (C) combination of cohort and RCT studies.


Meta-analysis of RCTs shows there was no significant difference between the group of infants given prophylactic doses of indomethacin and the infants in the placebo or no treatment group with regard to the rates of necrotizing enterocolitis (OR = 1.10; 95% CI = 0.79–1.52; P-value = 0.571). There was no significant heterogeneity among the included studies (I2 = 0%; P-value = 0.825) (Figure 10B).

Combined meta-analysis of cohort and RCT studies shows there was no significant differences between the group of infants with prophylactic doses of indomethacin and the infants in the placebo or no treatment group regarding the rates of necrotizing enterocolitis (OR = 1.05; 95% CI = 0.80–1.39; P-value = 0.711). However, there was medium significant heterogeneity among the included studies (I2 = 61%; P-value = 0.003) (Figure 10C).



Intestinal Perforation

Combined meta-analysis of cohort and RCT studies, shows there was no significant differences between the group of infants given prophylactic doses of indomethacin and the infants in the placebo or no treatment group with regard to the rates of intestinal perforation (OR = 1.58; 95% CI = 0.89–2.82; P-value = 0.121). However, there was high significant heterogeneity among the included studies (I2 = 77%; P-value = 0.039) (Figure 11).
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FIGURE 11. Meta-analysis of intestinal perforation from both cohort and RCT studies.




Hospitalization Days

Meta-analysis of RCT studies shows that two studies with 340 patients were included in the analyses of hospitalization days. On comparing this outcome among the prophylactic indomethacin and placebo/no treatment groups, there was no statistically significant difference for hospitalization days (SMD = 0.08; 95% CI = -0.26: 42; P-value = 0.631). There was a medium significant heterogeneity in the analysis of hospitalization days (I2 = 60%; P-value = 0.116) (Figure 12).
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FIGURE 12. Meta-analysis of hospitalization days from RCT studies.




Death

In the meta-analysis of cohort studies, Figure 13A shows there was no significant differences between the group of infants given prophylactic doses of indomethacin and the placebo or no treatment group with regard to the rates of death (OR = 0.96; 95% CI = 0.71–1.29; P-value = 0.884). There was high significant heterogeneity among the included studies (I2 = 92%; P-value < 0.001).
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FIGURE 13. Meta-analysis of death from (A) cohort studies, (B) RCT studies, (C) combination of cohort and RCT studies.


Meta-analysis of RCT studies shows there was no significant differences between the group of infants given prophylactic doses of indomethacin and the placebo or no treatment group regarding the rates of death (OR = 1.10; 95% CI = 0.88–1.37; P-value = 0.408). There was no significant heterogeneity among the included studies (I2 = 0%; P-value = 0.821) (Figure 13B).

Combined meta-analysis cohort and RCT studies shows there was no significant differences between the group of infants given prophylactic doses of indomethacin and the group of placebo or no treatment regarding the rates of death (OR = 1.00; 95% CI = 0.81–1.23; P-value = 0.967). However, there was high significant heterogeneity among the included studies (I2 = 73%; P-value < 0.001) (Figure 13C).





DISCUSSION

In this study, we have included 23 studies from the systematic and manual search to be analyzed to study indomethacin as a prophylactic measure in pre-term infants from many aspects including bronchopulmonary dysplasia, patent ductus arteriosus, pulmonary hemorrhage, intraventricular hemorrhage, severe intraventricular hemorrhage, necrotizing enterocolitis, intestinal perforation, death, hospitalization days, and surgical ligation of PDA.

The analyzed data showed a varied heterogeneity in some outcomes which is probably due to the difference in study designs, the different dosages of indomethacin injection, and outcome definition between studies. Moreover, it is important to note that this meta-analysis is fundamentally different from prior ones, in that data from both randomized trials and retrospective cohort studies are included in the present analyses and is likely to be the dominant factor for differences in results.

As for the cardiopulmonary outcomes, our meta-analysis of RCT studies and combined meta-analysis of RCT and cohort studies showed that prophylactic indomethacin administration in infants significantly lowers the rates of PDA formation (P-value < 0.001) and no significant heterogeneity was estimated (I2 = 10%; P-value = 0.341) in case of the included RCT studies while medium significant heterogeneity was found in the combined analysis of RCT and cohort studies. (I2 = 62%; P-value = 0.001) which could be due to the different study designs that were included in the analysis similar to previously published studies (56, 57). Regarding the outcome of PDA surgical ligation, meta-anaylsis of RCT studies revealed significantly lower rates of surgical PDA ligation among the infants given prophylactic doses of indomethacin (P-value < 0.001) which is similar to the findings of Fowlie et al. who reported a significant lower incidence of surgical PDA ligation among the indomethacin prophylactic group (typical RR 0.51, 95% CI 0.37,0.71) (14).

On the other hand, in the present study, no significant difference was reported between indomethacin prophylactic group and the placebo/no treatment group with regard to the outcome of BPD and pulmonary hemorrhage rates in the meta-analysis of cohort and RCT studies and combined analysis. Jensen et al. (57) in their analysis of observational data found that prophylactic indomethacin did not increase or decrease the risk of developing BPD. Moreover, the authors compared these results with another analysis of RCTs, however, the analysis indicated the same information that prophylactic indomethacin had no beneficial effects on BPD.

With regard to the risk of intraventricular hemorrhage, our analysis showed no significant difference between the group of infants given prophylactic indomethacin when compared to the placebo group. However, with regard to severe IVH, meta-analysis of RCT studies showed significantly lower rates of severe IVH in the prophylactic indomethacin group (P-value = 0.008). Similarly, Fowlie et al. found a significant reduction in severe IVH incidence in infants that were prophylactically injected with indomethacin (typical RR 0.66, 95% CI 0.53–0.82) (14). However, significant heterogeneity in this study was estimated due to the inconsistency of treatment efficacy among their included studies (56). None of the studies, however, measured the long-term outcomes, they have only focused on the short ones. Schmidt et al. (15) in their large trial on 18-month infants reported statistical insignificance on long term neurodevelopmental outcomes although IVH grade 3 and 4 were significantly reduced. Therefore, concerns should be made to assess the overall quality of the effect of indomethacin on the long-term neurodevelopmental outcomes and the rate of adverse events incidence due to the vasoconstrictive nature of the drug which may alter the cerebral blood flow.

Furthermore, we found no significance between the use of prophylactic indomethacin on infants in reducing the time of hospital stay. The findings reported by Fowlie et al. favored the control groups in terms of time spent in the hospital with no significance (P = 0.087) (14). With regard to the outcome of death, no significant effect of prophylactic indomethacin was reported in the current study in both cohort and RCT studies. Jensen et al. reported a weak association between indomethacin prophylaxis and decreased risk-adjusted odds of mortality (0.81, 95% CI 0.66–0.98), however, the authors included observational data only (57).

Limitations to our study include variable heterogeneity in the analysis of some outcomes due to the different study designs that were included in this study. However, we estimated the publication bias in most cases no publication bias was found.



CONCLUSION

Prophylactic indomethacin in VLBW infants has proven efficient in preventing short-term events such as PDA, surgical PDA ligation, and severe IVH. On the other hand, it showed no significance with regard to outcomes such as IVH, BPD, pulmonary hemorrhage, necrotizing enterocolitis, intestinal performation, death and hospital stays. Since the meta-analysis results regarding effectiveness of prophylactic indomethacin varied based on the study design particularly with regard to outcomes such as surgical PDA ligation and severe IVH, this warrants the need for long term studies with larger sample size to determine the effectiveness of prophylactic indomethacin.
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dose of indomethacin
would prevent germinal
‘matixor intraventricuar
hemorhage and permit
‘adoquate urinary output

B - - - - - - - - Totest#ndomethach
0.1 mo/kg given
intravenousy at 6-12
postnatal hours and every
24 hfor two more doses)
‘would prevent extension of
intraventriculas hemorthage

s6 278 12 5 279 14 55 9895 W5 59 995 836 - - - - Tosudytedicacyad
‘complications ofow dose
indomethacin in the
reduotion of major
intraventricular hemorthage
(VH) invery low birth
weight (VLBW) baties.

24 28 28 26 20 20 24 1214 @6 26 130 @6 18 24 18 26 Totmpoulyrohtophsma
G-etoprostaglandin Fla,
indomethacin
concentrations, and clal
response ina group of low
birthweight infants receiving
ntensivo caro

51 280 15 55 280 16 51 10200 1560 53 9890 1620 21 51 3% 53 Toinesigate the optimal
timing for reatment of smal
premature infants using
indomathacin therapy on
the st day of e

SD, standard deviation; RCT, randomized controlled trial.

Main conclusion(s)

indomethaci prophyaxis
odiuced the ot riskof
grades 210 4 PV-VH and
Sovero PYAVH, but ther
poriatl vaiablos
contrbuted sgnifcartly o
tho overal sk of PV-VH
Eary prophyiactic
indomethacm intated
vithin 12 hof doivery i
efectiv nreducing tho
incidonca ofntaventricular
hemorhoge & vl as
cinicaty sigrifcant patent
ductus artoniosus in vory
fow bith weght prematre
intants

Prophylacic indomethacin
was not associated with
aithe roduced o ncreased
ik for BPD or death

Indomethacin use for
intraventricular hemonthage
prevention and/or
treatmont of a PDA s
common, but the selection
of nfants for troatmen, and
tho decision of when and
how o treat vary idely
between centers. Our
findings suggest the need
for randomized,
placebo-controled tials of
the effct of treatment of
the PDA i preter infants.

Proptyjactic ow-dose
indomethacin ncreases the.
dastof blood flow inthe.
Réand SWiAviaa reducton
in the ductal shunt volume,
withno change n the
fegional vascular resistance
Prophyactic indomethaci
administorod boforo 6 h of
ifois not assocated vith
lower incidence of VH

Prophyactic indomethacin
improved the ate of
permanent ductus cosure
by increasing the degree of
intll constrcton.
Prophyactic indomethacin
id not afect the
remodieing process, nor
id t aer the inverse
relaionship between infant
maturty and subsequent
reopering. Even when
managed vith prophyactic
indomethacin, the ato of
uctus reopening remained
wnacceptably highin the.
most immaturo nfants

Pl acminiiration was
‘associated with improved
sunival i EP infants
refored to alvel IV
Chidren's Hospita NICU

in
oxtromolylow-birth-woght
infants, prophyfasds with
indomethacin does not
improve the rate of survval
without neurosonsory.
impainment at 18 months,
despite the factthat it
roduces the frequency of
patent ductus anteriosus
‘and severe peciveniriouiar
and ntraventriclar
hemorthage

Prophylactic indomethacin
was assodiated wih
increased odds of SP.

in the uso of proptylactc
indomethacin was Kentfied

“The prophylactic use of low
doses ofindomathacin,
when inatedin the first
24h offfo inlow bith
weight infants who recive
prophyactic sufactantin
the deivery room,
docreases the incidence of
left-o-ight shunting at the
loval of the duotus
arterosus

Prophylactc administratin
of nravenous.
indomethacin for the.
provention of PVH-VH
‘cannot bo recommended
forinfants <1000, In
protom infants botweon
1000 and 1,600 g birth
‘weight, indomethacin
signiicanty reduced the
incidence of PYH-VH.
Rosuls indicato that the
use of prophyfactic
indomethacin s benefcal
in prevention of
symptomatic POA
Eatlyindomethacin
adminitration ncreasos
oxygen and surfactant
requiement

Data suggests that caution
must be exercised with
earty use ofindomethacin

Indomethacin should only
be used invesiigationaly for
the provention of GMH/VH,
with particulr atention to
ong-temn
newodovelopmental
utcome and the incidence
of severo VH

Ductal status appoared
unolated tothe.
development of gerinal
matixor nvraventicuar

hemorhage.

In very low bith weight
infants with low grade
intraventicular hemorthage
within the frst 6 postnatal
hours, prophyactic
indomathacin promotes:
closureof the patent
ductus arterosus and i not
‘associted wih adverse
ovents, but doos ot affoct
the events leading to
parenchymal involvement o
intracranil hemorrhago.
Indomethacin prophylaxs.
id not confer protection
against IV in very low bith
‘weight babies. Instead it
showed an ncrease inthe.
fisk o IV, other boocing
‘episodes and chvonic kg
disease

Thero was no sgniicant
diforonco i the ncidenco.
of intraventricuar
hemorthage, days of
reatment vith oxygen or
ventiation, or martalty
between the two groups
Altrough treatment with
indomethacin on the frst
day of e appears to be
safo, thorois o
advantage tots use in
contors whero the
incidonce o large shunts
througha patent ductus
arteriosus i rolatvely ow






OPS/images/cross.jpg
3,

i





OPS/images/fped-10-760029-g002.jpg
Standard Error

Standard Error

Funnel Plot of Standard Error by Log odds ratio

o-o T\
7 <A ]
PN
///(l:\,/ (: :' ke :\::7“\
0'5 | ,»/‘// & \.‘\.\\\\
% s
/// O © O ‘ \‘\.\\
v N
1.0 - e
\\
-~ N
O O ‘--) By
§
\\\
1.5 | e
~
N
b
\\
2.0 : —L— | '
-3 -2 -1 0 1 2
Log odds ratio
Funnel Plot of Standard Error by Log odds ratio
0.0 o
- /// 7\ \\\\\\
-~ e : ’ \\\\\\‘\
;/'. ‘\\
> -~ { ( .. \\\
05 - - -~ - O O e ~—
o C; :/ \\\\‘\\
.-"' i \\“
¥ s S
1.0 - /,./"/ - ®)
D
& -
1.5 1
O O

2.0

Log odds ratio

2.0





OPS/images/fped-10-760029-g003.jpg
Standard Error

Standard Error

00

03

20

Funnel Plot of Standard Error by Log odds ratio

2 -1 0 1 2 3

Log odds ratio

Funnel Plot of Standard Error by Log odds ratio

Log odds ratio

Standard Error

Standard Error

Funnel Plot of Standard Error by Log odds ratio

0.0

03

00

03

20

~

Log odds ratio
Funnel Plot of Standard Error by Log odds ratio

-

20





OPS/images/fped-10-760029-g004.jpg
A Bronchopulmonary Dysplasia

Model Study name Statistics for each study Events Sample size Odds ratio and 95% CI
Odds Lower Upper Prophylactic Placebo/no Prophylactic Placebo/no
ratio limit limit Indomethacin treatment Indomethacin treatment
Jensenetal. 2017 1.02 0.92 13 960 2042 2143 4606 -
Liebowitz et al. 2017 0.43 0.28 0.65 80 79 247 150 —_—
Abdi et al. 2021 1.44 1.06 1.97 124 513 200 967 —
Fixed 1.01 0.91 11 1164 2634 2590 5723 R 3
Random 0.88 0.53 1.46 1164 2634 2590 5723 —_——
Heterogeneity: 12 =91%, 1=0.175, P <0.001 - —a et ' . -
Test for fixed effect: Z=0.128, P =0.898
Prophylactic Indomethacin Placebo/No Treatment
Test for random effect: Z=-0.485, P =0.628
B Meta analysis of Bronchopulmonary Dysplasia
Model Study name Events Sample size Odds ratio and 95% CI
Odds Lower Upper Prophylactic Placebo/no Prophylactic Placebo/no
ratio limit limit Indomethacin treatment Indomethacin treatment
Bada et al. 1989 1.29 0.56 3.01 15 12 71 70
Krueger et al. 1987 0.83 0.19 3.7 5 6 14 15
Couseretal. 1996 2.51 1.24 5.08 51 43 68 79 —_—
Rennieetal. 1986 0.20 0.01 4.38 0 2 24 26 —————
Fixed 1.64 0.99 2.71 71 63 177 190
Random 1.48 0.76 2.89 71 63 177 190
Heterogeneity: 12=30%, =0138, P=0234 0.01 0.1 1 10
Test for fixed effect 2 =1.935, P=0.053
Yot for random offect 2= 1,463, P = 0.249 Prophylactic Indomethacin Placebo/No Treatment
C Meta analysis of Bronchopulmonary Dysplasia
Model Study name Statistics for each study Events Sample size Odds ratio and 95% CI
Odds Lower Upper Prophylactic Placebo/no Prophylactic Placebo/no
ratio limit limit Indomethacin treatment Indomethacin treatment
Jensen et al. 2017 1.02 0.92 1.13 960 2042 2143 4606 W
Bada et al. 1989 1.29 0.56 3.01 15 12 71 70 —_—
Krueger et al. 1987 0.83 0.19 3.75 5 6 14 15 -
Couser et al. 1996 2.51 1.24 5.08 51 43 68 79 ——
Liebowitz et al. 2017 0.43 0.28 0.65 80 79 247 150 —
Abdi et al. 2021 144 1.06 1.97 124 513 200 967 el
Rennie et al. 1986 0.20 0.01 4.38 0 2 24 26 v
Fixed 1.02 0.93 1.12 1235 2697 2767 5913 ®
Random 1.04 0.70 1.57 1235 2697 2767 5913 —
0.01 0.1 1 10
Heterogeneity: 1?=79%, 1?=0.170, P<0.001
Test for fixed effect: Z =0.386, P =0.627 Prophylactic Indomethacin Placebo/No Treatment

Test for random effect: Z =0.213, P =0.831
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Study name

Bandstra et al. 1988
Bada et al. 1989
Maruyama et al. 2012
Schimdt et al. 2001
Couser er al. 1996
Krueger et al. 1987
Mahony et al. 1985
Vincer et al. 1987
Ment et al. 1988
Ment et al. 1994
Ment et al. 1985
Hanigan et al. 1988
Nair et al. 2003
Fixed
Random

Heterogeneity:

Test for fixed effect:

Test for random effect: Z=-8.937, P =<0.001
B
Model Study name Statistics for each study
Odds Lower Upper
ratio limit limit
Bandstra et al. 1988  0.17 0.08 0.36
Bada et al. 1989 0.60 029 1.26
Maruyama et al. 2012 1.14 0.13 10.39
Schimdt et al. 2001 0.31 024 0.39
Couser er al. 1996 0.44 021 091
Krueger et al. 1987 0.06 0.01 0.57
Mahony et al. 1985 0.17 0.04 0.79
Vincer et al. 1987 0.14 001 142
Ment et al 1988 0.34 008 143
Ment et al. 1994 0.10 0.02 0.52
Ment et al. 1985 0.24 0.06 1.03
Hanigan et al. 1988 0.26 009 078
Nair et al. 2003 0.48 0.15 1.51
Stavel et al. 2017 0.58 0.48 0.70
Fixed 0.43 038 049
Random 0.34 024 0.47
Heterogeneity: 1?=62%, 2= 0.160, P=0.001
Test for fixed effect: Z2=-12195 P <0.001
Test for random effect: Z=.6.269, P <0.001

Statistics for each stu

Odds Lower Upper
ratio limit limit
0.17 0.08 0.36
0.60 0.29 126
1.14 0.13 10.39
0.31 0.24 0.39
0.44 0.21 0.91
0.06 0.01 057
0.17 0.04 079
0.14 0.01 1.42
0.34 0.08 143
0.10 0.02 0.52
0.24 0.06 1.03
0.26 0.09 0.78
0.48 0.15 1.51
0.31 0.25 038
0.31 0.24 0.40

12 =10%, 2= 0.024,

Z=-11.688, P<0.001

Patent Ductus Arteriosus

Events Sample size Odds ratio and 95% CI
Prophylactic placebo/no Prophylactic placebo/no
Indomethacin treatment Indomethacin treatment
1 42 99 100 ———
17 24 7" 70 m—F
8 7 10 9
142 301 601 601 ——
15 31 68 79 —_—
1 9 14 16 s
2 1 51 56 —_—t—
1 5 15 15 -
5 8 18 15 B e
2 14 24 30 _
3 s} 24 24 —_—
5 15 56 55 R ]
5 10 56 59 e .
217 486 1107 1129 e
217 486 1107 1129 —.—
0.01 0.1 1 10
P =0.341
Prophylactic Indomethacin Placebo/No Treatment
Meta analysis of Patent Ductus Arteriosus
Events Sample size Odds ratio and 95% Cl
Prophylactic Placebo/no Prophylactic Placebo/no
Indomethacin treatment Indomethacin treatment
1 42 99 100 B
17 24 7" 70 e =]
8 7 10 9
142 301 601 601 ——
15 3 68 79 ——
1 9 14 16 =
2 1" 5 56 —_—
1 5 15 15
5 8 18 15 —_—
2 14 24 30 _——
3 9 24 24 —_—
5 15 56 55 “———
5 10 56 59 ————
261 2467 498 3770 -
478 2953 1605 4899 -
478 2953 1605 4899 ——
0.01 0.1 1 10

Prophylactic Indomethacin Placebo/No Treatment

100
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A

Model Study name Statistics for each study Events Sample size QOdds ratio and 95% CI
Odds Lower Upper Prophylactic Placebo/no Prophylactic Placebo/no
ratio limit limit Indomethacin treatment Indomethacin treatment
Laughon et al. 2007 792.17 49 47 12684.06 572 0 6189 3886 >
Nelin et al. 2017 1.92 1.25 2.96 191 32 530 141 .
Stavel et al. 2017 0.65 0.47 0.90 45 498 498 3770 1+—=—
Fixed 1.01 0.78 1.3 808 530 7217 7797 ——
Random 3.38 0.78 14.67 808 530 7217 7797 =
) 0.1 0.2 0.5 1 2 10
Heterogeneity: 12 = 95%, ’=1.311, P <0.001
Test for fixed effect: Z=0.103, P=0.918
Prophylactic Indomethacin Placebo/No Treatment
Test for random effect: Z= 1.628, P=0.104
B Meta analysis of Surgical PDA Ligation
Model Study name Statistics for each study Events Sample size QOdds ratio and 95% CI
Odds Lower Upper Prophylactic Placebo/no Prophylactic Placebo/no
ratio limit limit Indomethacin treatment Indomethacin treatment
Couser et al. 1996 0.53 0.21 1.32 8 16 68 79 ——
Mahony et al. 1985 0.16 0.02 135 1 6 51 53 =
Maruyama et al. 2012 3.00 0.11 83.36 1 0 10 9 &
Schmidt et al. 2001 0.51 0.34 0.76 40 74 601 601 —i—
Fixed 0.50 0.35 0.72 50 96 730 742 ——
Random 0.50 0.35 0.72 50 g6 730 742 — i
Heterogeneity: 12 = 0%, 12=0, P=0.523 0.01 0.1 1 10 100
Test for fixed effect: Z=.3713, P <0.001
Test for random effect: Z=.3713, P <0.001
Prophylactic Indomethacin Placebo/No Treatment
C Meta analysis of Surgical PDA Ligation
Model Study name Statistics for each study Events Sample size Odds ratio and 95% CI
Odds Lower Upper Prophylactic Placebo/no Prophylactic Placebo/no
ratio limit limit Indomethacin treatment Indomethacin treatment
Couser et al. 1996 0.53 0.21 1.32 8 16 68 79 —_—
Laughon et al. 2007 792.17 49.47 12684.06 572 0 6189 3886 _—
Mahony et al. 1985 0.16 0.02 1.35 1 6 51 53 -
Maruyama et al. 2012 3.00 0.11 83.36 1 0 10 9 -
Nelin et al. 2017 1.92 1.25 2.96 191 32 530 141 ——
Schmidt et al. 2001 0.51 0.34 0.76 40 74 601 601 ——
Stavel et al. 2017 0.65 0.47 0.0 45 498 498 3770 ——
Fixed 0.80 0.65 0.89 858 626 7947 8539 -
Random 1.08 0.49 2.38 858 626 7947 8539 b
0.01 0.1 1 10 100
Heterogeneity: 12=88%, 12=0.027, P<0.001
Test for fixed effect: Z =-2.064, P =0.039 " -
Test for random effect: Z=0.200, P =0.841 ORI n— - T—

Meta analysis of Surgical PDA Ligation
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Model Study name

Statistics for each study

Odds
ratio

Bandstra et al. 1988 0.83
Bada et al. 1989 0.46
Schimdt et al. 2001 0.89

Fixed

Random

Heterogeneity:
Test for fixed effect:
Test for random effect:

0.86
0.86

12 = 0%, 12=0,

Lower Upper
limit limit
0.25 2.82
0.13 1.61
0.65 1.22
0.64 1.15
0.64 1.15

P = 0.606

Z =-1.029, P =0.303
Z =-1.029, P =0.303

Pulmonary Hemorrhage

Events Sample size Odds ratio and 95% CI
Prophylactic placebo/no Prophylactic placebo/no
Indomethacin treatment Indomethacin treatment
5 6 99 100 | — |
- 8 71 70 J |
89 98 601 601
98 112 771 771
98 112 771 F @
0.1 0.2 0.5 1 2

Prophylactic Indomethacin Placebo/No Treatment
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A
Model Study name Statistics for each study
Odds Lower Upper
ratio limit limit
Bada et al. 1989 0.55 0.28 1.07
Schmidt et al. 2001 1.01 0.80 1.28
Hanigan et al. 1988 0.48 0.16 1.41
Rennie et al. 1986 1.35 0.43 424
Vincer et al. 1987 2.41 0.52 11.10
Fixed 0.95 0.77 1.17
Random 0.88 0.58 1.32
Heterogeneity: 12=35%, 2=0.076, P=0.186
Test for fixed effect: Z =.0.50, P =0.611
Test for random effect: Z=.0.624, P =0.532
B
Model  Study name Statistics for each study
Odds Lower Upper
ratio limit limit
Bada et al. 1989 0.55 0.28 1.07
Nelin et al. 2017 1.10 0.76 1.61
Schmidt et al. 2001  1.01 0.80 1.28
Hanigan et al. 1988 0.48 0.16 1.41
Rennie et al. 1986 1.35 0.43 424
Vincer et al. 1987 2.41 0.52 11.10
Fixed 0.98 0.82 1.18
Random 0.96 0.73 1.25
Heterogeneity: 12= 25%, 1?=0.026, P=0.248
Test for fixed effect: Z=.0.193, P = 0.847
Test for random effect: Z =.0.339, P=0.735

Intraventricular Hemorrhage

Prophylactic
Indomethacin

27
236
6
10
11
290
290

Placebo/no

treatment
37
234
1
9
8
299
299

Sample size
Prophylactic Placebo/no
Indomethacin treatment

71 70
569 567
56 55
24 26
15 15
735 733
735 733

Meta analysis of Intraventricular Hemorrhage

Prophylactic
Indomethacin

27
287
236

Events

Placebo/no
treatment

37
72
234
11
9
8
371
371

Sample size
Prophylactic Placebo/no
Indomethacin treatment

n 70
522 137
568 567

56 55

24 26

15 15
1257 870
1257 870

QOdds ratio and 95% CI

*I

N
T

i

Lyl

0.01 0.1 1 10 100

Prophylactic Indomethacin Placebo/No Treatment

Odds ratio and 95% CI

&
-

0.01 0.1 1 10 100

Prophylactic Indomethacin Placebo/No Treatment
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A Severe Intraventricular Hemorrhage
Model  Study name Statistics for each study Events Sample size Odds ratio and 95% CI
Odds Lower Upper Prophylactic Placebo/no Prophylactic Placebo/no
ratio limit limit Indomethacin treatment Indomethacin treatment
Abdi et al. 2021 2.20 1.46 3.33 38 93 200 967 ——
Liebowitz et al. 2017 0.34 0.22 0.52 95 97 247 150 —t
Nelin et al. 2017 0.88 0.56 1.39 107 31 D22 137 ——
Stavel et al. 2017 1.39 1.09 1.76 98 566 498 3770 ——
Laughon et al. 2007 1.14 1.01 1.29 790 441 6189 3886 =
Fixed 1.13 1.03 1.25 1128 1228 7656 8910 ol
Random 1.03 0.67 1.57 1128 1228 7656 8910 ——
0.1 0.2 0.5 1 2 5 10
Heterogeneity: 12 =91%, 12=0.204, P <0.001
Test for fixed effect: Z= 2448, P=0.014 Prophylactic Indomethacin Placebo/No Treatment
Test for random effect: Z= 0.116, P = 0.607
B Severe Intraventricular Hemorrhage
Model Study name Statistics for each study Events Sample size Odds ratio and 95% CI
Odds Lower Upper Prophylactic Placebo/no Prophylactic Placebo/no
ratio limit limit Indomethacin treatment Indomethacin treatment
Schimdt et al. 2001 0.66 0.45 0.96 52 75 569 567 i
Nair et al. 2003 1.65 0.44 6.19 6 4 56 59 ——
Ment et al. 1988 0.1 0.01 b e 0 3 19 17
Ment et al. 1985 0.48 0.04 5.66 1 2 24 24 -
Ment et al. 1994 1.70 0.41 7.09 5 4 27 34 —_—t
Couser et al. 1996 0.70 0.22 2.26 5 8 68 79 —_—
Bada et al. 1989 0.17 0.04 0.83 2 10 r s 70 —_——
Bandstra et al. 1988 0.68 0.35 1.32 19 26 99 100 ——
Fixed 0.68 0.51 0.90 g0 132 933 950 —-—
Random 0.68 048 0.97 g0 132 933 950 ——
0.01 0.1 1 10 100
Heterogeneity: 12=10%, 17=0.030, P=0.350
Test for fixed effect: Z=.2.636, P =0.008 Prophylactic Indomethacin R pe——
Test for random effect: Z=.2135, P =0.033
C Meta analysis of Severe Intraventricular Hemorrhage
Model Study name Statistics for each study Events Sample size Odds ratio and 95% ClI
Odds Lower Upper Prophylactic Placebo/no Prophylactic Placebo/no
ratio limit limit Indomethacin treatment Indomethacin treatment
Abdi et al. 2021 2.20 1.46 3.33 38 93 200 967 s el
Liebowitz et al. 2017 0.34 022 052 95 97 247 150 =i
Nelin et al. 2017 0.88 0.56 1.39 107 31 522 137 e
Schimdt et al. 2001 0.66 0.45 0.96 52 f i 569 567 B
Stavel et al. 2017 1.39 1.09 1.76 98 566 498 3770 ——
Nair et al. 2003 1.65 0.44 6.19 6 4 56 59 —_—
Ment et al. 1988 0.1 0.01 222 0 3 19 17
Ment et al. 1985 0.48 0.04 566 1 2 24 24 &
Laughon et al. 2007 1.14 1.01 1.29 790 441 6189 3886 -
Ment et al. 1994 1.70 041 7.09 5 4 27 34 ——— e
Couser et al. 1996 0.70 022 226 5 8 68 79 — e —
Bada et al. 1989 0.17 004 083 2 10 71 70 e e e
Bandstra etal 1988 068 035 1.32 19 26 99 100 ———
Fixed 1.07 0.98 1.18 1218 1360 8589 9860 ]
Random 0.87 0.63 1.21 1218 1360 8589 9860 i
0.01 0.1 1 10 100
Heterogeneity: 12=81%, 12=0.196, P < 0.001
Test for fixed effect: Z=1452, P =0.147 Prophylactic Indomethacin Placebo/No Treatment
Test for random effect: Z = -827, P =0.408
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