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Objective: Caffeine is a proven medication used for the prevention and treatment of apnea in premature infants, offering both short- and long-term benefits. International guidelines provide a range of recommendations regarding the preterm population eligible for caffeine prophylaxis, including the timing, dosage, and duration of treatment. Our national guidelines, published prior to the most recent updates of the international guidelines, recommend the use of caffeine citrate starting from the first day after delivery for preterm infants with a gestational age of <28 weeks. For infants up to 32 weeks, if positive pressure ventilation is required, the decision should be made on an individual basis. This study aims to describe the variability in caffeine usage across neonatal intensive care units in our country.



Methods: An online survey was sent to neonatologist who are members of the Turkish Neonatology Society to describe the variability in caffeine usage in neonatal intensive care units in our country.



Results: We collected responses from 74 units. Prophylactic caffeine usage was observed as; GA ≤276/7: 98.6%, GA 280/7–286/7: 89.0%, GA 290/7–296/7: 75.3%, GA 300/7–316/7: 53.4%. 62.2% of units reported administering loading dose within the first two hours. The initial maintenance dose was 5 mg/kg in 64.8% of units, 10 mg/kg in 32.4% of units, and intermediate dose in 5.3% of units. 47.3% of units reported no routine dose adjustment. The postmenstrual age that caffeine treatment was stopped was found to be 34 (min-max; 32–36) weeks for infants without apnea and respiratory support, 36 (min-max; 34–52) weeks for infants without apnea but any respiratory support. The time to discharge after treatment cessation was found as; 1–4 days: 37.8%, 5–7 days: 68.9%. Among the 56 units with multiple responsible physicians, 32.1% reported intra-unit variations.



Conclusion: The significant differences in caffeine usage characteristics between and within units highlight the need for clear recommendations provided by standardized guidelines.
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Introduction

The routine clinical approach of prophylactic caffeine in neonatal intensive care units (NICUs) has become well-established due to its positive outcomes in both the early and late stages, and it is recommended in both international and national guidelines (1–5). Common recommendations regarding caffeine usage are based on the methodology of the CAP study; caffeine should be administered within the first 72 h to preterm infants at high risk of apnea, with a loading dose of 20 mg/kg and a maintenance dose between 5 and 10 mg/kg (6). However, these guidelines do not provide specific recommendations regarding which preterm infants should receive caffeine treatment, the exact timing of caffeine initiation, dosage adjustments, and the duration of treatment. Instead, they offer a range of options.

In Turkiye, caffeine treatment in premature neonates is outlined in two recommendation papers: one on the prevention and management of bronchopulmonary dysplasia and the other on the management of respiratory distress syndrome and surfactant treatment, both of which have been in 2018. These guidelines recommend the use of caffeine citrate starting from the first day after delivery for infants with a gestational age of <28 weeks. For infants up to 32 weeks, if positive pressure ventilation is required, the decision should be made on an individual basis.

Two globally accepted guidelines, The European Consensus Guidelines on the Management of Respiratory Distress Syndrome and the Specialist Neonatal Respiratory Care for Babies Born Preterm-NICE guideline, both of which were published after our national guidelines, still do not provide specific recommendations. This leads to individual variations in caffeine usage both among and within units. Therefore, optimal dosage adjustments, as well as the timing and course of caffeine treatment, still require further research.

Studies from different countries have examined the prescribing variability in units and emphasized the necessity of standardizing caffeine usage, suggesting that variations in caffeine usage may not yield positive outcomes for the health of preterm infants (7–10). Grainge et al. from the United Kingdom emphasized some variation in practice regarding the timing of caffeine initiation, gestational age cut-off for routine caffeine prescription, and discontinuation (7). Ji et al. focused on the discontinuation timing of caffeine premature infants in the United States (8).

This survey study was planned to investigate the variability in caffeine usage practices. Questions were formulated regarding the patient population, initiation timing, loading and maintenance doses, dose adjustments, and duration of treatment. It was planned to compare the data from our country with studies in the literature showing similar variations.



Materials and methods

Between February and March 2024, we conducted a prospective online survey. The institutional ethical committee approved the study (KA23/428). In Türkiye, the total number of NICUs including neonatologists on the medical staff is 134 (11). All neonatologists are members of the Turkish Neonatal Society and communication between them occurs via Google Groups platform. The survey was formed with Survey Monkey and the link was sent through an invitation mail in Google Groups. One neonatologist from each unit was requested to respond to the survey on behalf of the unit. It was requested to check multiple choices in case of different opinions within the unit.

The survey encompassed two inquiries regarding personal data four inquiries regarding unit demographics and 15 questions directly addressing caffeine usage. Query topics included caffeine indication for initiation, loading and maintenance dosage, adjustments, discontinuation, and discharge with caffeine treatment. The questions on caffeine usage, detailed in Supplementary, include three questions on caffeine treatment initiation regarding gestational age and indication, two questions on dose and time of loading, four questions on maintenance treatment, five questions on discontinuation, and one question on discharge with caffeine treatment. The 15 questions addressing caffeine usage were designed to include one matrix question, three open-ended questions, one multiple-choice question, and 10 checkbox questions.



Statistical analysis

A chi-square test was conducted to evaluate the association between gestational age groups and decision criteria. The analysis included all decision-making categories to ensure a comprehensive comparison across gestational age groups. Results indicated a highly significant relationship (p < 0.001) between gestational age and NICU preferences, confirming that caffeine therapy decisions vary significantly across gestational age groups.

The methodology involved both statistical analysis and visualization techniques to identify significant patterns and trends. Data was visualized using line and bar plots to examine trends in caffeine initiation preferences across gestational age groups.

The distribution of responses to the matrix question asking which indication caffeine therapy was given for, based on gestational age, was evaluated using descriptive statistics, specifically “variance.” For this purpose, the responses for each gestational week category (<276/7, 280–6/7, 290–6/7, 300/7–316/7, 320/7–336/7, 340/7–366/7, >370/7) were numbered from 1 to 6 based on the frequency of answers.

Intersection Analysis (UpSet Plot) of time intervals for initiation of caffeine therapy and discharge time. The bar plot quantifies the size of intersections, indicating the number of data points shared between specific combinations of intervals. An UpSet plot was used to analyze overlaps and intersections of specific decision categories across time of initiation of caffeine treatment and discharge time. This visualization provided a clear understanding of how categories interact and overlap.



Results

A total of 74 NICUs responded, accounting for 55% of all neonatology units that include neonatologists on their medical staff. Of the NICUs surveyed, 32 units (43.8%) reported following a standardized protocol. There were 56 units with multiple consultant physicians and 18 of them (32.1%) reported intra-unit variations. The variability in consultant decisions within the units ranged from 16% to 1.8%. The largest difference observed was in the starting dose of the maintenance dose, with a 16% variation. The least variation was observed in the loading dose, treatment duration, and adjustment of the maintenance dose (Figure 1).


[image: Figure 1]
FIGURE 1
Bar graphic demonstrating the differences in the caffeine treatment protocol among physicians in 56 units with more than one neonatology specialist with decision-making authority.


Detailed data of survey is presented in Table 1. The variability in prophylactic caffeine usage based on gestational age (GA) was observed among units for cases not receiving respiratory support: GA < 276/7: n = 73; 98.6%, GA = 280–6/7:n = 65; 89.0%, GA = 290–6/7:n = 55; 75.3%, GA = 300/7–316/7:n = 39; 53.4%. 26 (35.1%) units indicated initiating caffeine for any respiratory support between GA = 32/0–33/6. For apnea treatment, 41 (55.4%) units reported using caffeine for late preterm infants, while 8 (11.4%) units reported its use for term infants. Table 2 shows the preferences for starting caffeine in infants regarding to gestational age and respiratory support. Our results show that the greatest variation occurs in gestational age between 30 and 32 weeks. These variations can be visualized in Figure 2. The variance value for each gestational age group was found as follows; GA < 276/7: 0.163, GA = 280–6/7: 1.047, GA = 290–6/7: 1.348, GA = 300/7–316/7: 2.091, GA = 320/7–336/7: 2.097, GA = 340/7–366/7: 0.828, GA > 370/7: 0.101.


TABLE 1 Survey questions and answers of participants regarding the details of caffeine treatment.
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TABLE 2 Q: for the following gestational week intervals please indicate your preference for starting caffeine.Matrix question.

[image: Table 2]
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FIGURE 2
The variability in caffeine practices by gestational age and respiratory support. The variance value for each gestational age group was found as follows; GA < 276/7: 0.163, GA = 280–6/7: 1.047, GA = 290–6/7: 1.348, GA = 300/7–316/7: 2.091, GA = 320/7–336/7: 2.097, GA = 340/7–366/7: 0.828, GA > 370/7: 0.101.


Administering caffeine loading dose within the first two hours was reported in 46 (62.2%) units. The starting dose for caffeine maintenance was 5 mg/kg in 48 (64.8%) units, 10 mg/kg in 24 (32.4%) units, and intermediate dose in 6 units. 35 (47.3%) units reported no routine dose adjustment.

Different practices were reported for caffeine dose management in the presence of apnea: mini-loading: n = 15; 20.3%, mini-loading and increase in maintenance dose: n = 30; 40.6%, increasing maintenance dose to 10 mg/kg: n = 30; 40.6%, and increasing maintenance dose: n = 12; 16.2%. One unit reported shortening the dose interval.

For cases without apnea but ongoing respiratory support, caffeine treatment was discontinued between postmenstrual weeks 33–52, and in 14 units, caffeine was not used after postmenstrual week 36. Variability was also observed in discharge timing after treatment cessation; 1–4 days: n = 28; 37.8%, 5–7 days: n = 51; 68.9%. For neonates without respiratory support, the most common age for caffeine discontinuation is 34 weeks, followed by 36 weeks. However, practices vary widely with some units extending to 40 weeks or beyond. For neonates with respiratory support, caffeine often continues until respiratory support is discontinued (36–40 weeks). There was no correlation between caffeine initiation time and discharge time after discontinuation. The intersection of various time intervals for caffeine therapy, providing insights into both individual and combined interval contributions are given in Figure 3.
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FIGURE 3
Intersection analysis of time intervals for initiation of caffeine therapy and discharge time. The bar plot quantifies the size of intersections, indicating the number of data points shared between specific combinations of intervals. The intersection matrix at the bottom visually maps these combinations, with vertical lines connecting dots to represent overlapping intervals. On the left, horizontal bars summarize the total count of data points for each individual time interval, offering a clear overview of category sizes. This comprehensive visualization highlights the dominant time intervals and their overlap in caffeine therapy application. I: Initiation, D: Discharge.




Discussion

Caffeine citrate began to find its place in the care of premature infants with the groundbreaking study by Jacop Aranda in 1977 (12). Initially used for the treatment of premature apnea, caffeine citrate gradually became more commonly used in neonatal intensive care units over the years. Concerns regarding the mechanism of action of caffeine, namely adenosine receptor blockade, led to the initiation of the CAP study as a safety measure, which reported groundbreaking results regarding the benefits of caffeine (6). With the accumulation of these results, the purpose of caffeine therapy evolved. Now, the aim of caffeine therapy is not only to treat apnea but also to prevent it, as well as to reduce bronchopulmonary dysplasia, and achieve positive neurodevelopmental outcomes (13–15). The accumulation of evidence that premature retinopathy, patent ductus arteriosus, acute kidney injury, and inflammation may also be reduced in infants receiving caffeine led to a shift in the perspective on caffeine therapy in neonatology (16–18).

Current guidelines provide varying recommendations for the gestational age threshold at which caffeine therapy should be initiated. The European RDS Consensus guideline recommends caffeine therapy for all premature infants born below 32 weeks gestation receiving positive pressure ventilation, while the United Kingdom guidelines suggest its use for all infants born below 30 weeks gestation (2, 3). The American Academy of Pediatrics guidelines recommend caffeine therapy for all infants born below 28 weeks gestation and for those born between 28 and 32 weeks gestation who are receiving positive pressure ventilation (1). Similarly, our national guidelines recommend caffeine for all preterm infants with a gestational age of <28 weeks and suggest an individualized approach for infants between 28 and 32 weeks requiring positive pressure ventilation. The recommendations endorsed by our association closely align with the AAP guidelines (4, 5). Therefore, indications for caffeine therapy may vary in infants born between 28 and 32 weeks' gestation depending on the guidelines followed.

Our survey indicated that nearly all participating units administered caffeine therapy to infants born before 29 weeks gestation, regardless of respiratory support. Beyond 29 weeks, respiratory support became an increasingly important factor in therapy decisions. The greatest variability in practices was observed between 30 and 34 weeks gestation, particularly at 30–32 weeks, reflecting the complexity of clinical decision-making during this period. This variability highlights a gap in international guidelines, which provide limited recommendations for caffeine therapy in this range, leading to reliance on individual judgment and institutional preferences. Comprehensive, evidence-based guidelines are needed to harmonize practices and improve outcomes for preterm infants. Similarly, Greinge et al. found wide variation in caffeine initiation thresholds among units but did not assess respiratory support, which may limit the applicability of their findings (7).

Caffeine use in moderate and late preterm infants remains debated. Apnea occurs in 20% of infants born at 32–34 weeks and 10% at 34–36 weeks gestation (19, 20). Intermittent hypoxia, associated with adverse outcomes, is also common in these groups (21). While evidence on caffeine therapy for these infants is limited, some studies suggest potential benefits (22–24). Our survey found greater variability in initiating caffeine therapy among moderate preterm infants compared to late preterm infants, with half of the units administering it therapeutically between 32 and 37 weeks gestation.

The favor of early caffeine treatment was first shown by CAP trial subgroup analyses (25). Early treatment, defined as administration within the first 3 days of life, is supported by meta-analyses and systematic reviews showing reduced rates of bronchopulmonary dysplasia, patent ductus arteriosus, periventricular leukomalacia, intraventricular hemorrhage, and severe retinopathy of prematurity, along with improved neurodevelopmental outcomes (2, 26–32). However, the optimal timing within these 3 days remains unclear, and the question of whether “earlier is always better” persists. While very early caffeine use, such as at birth or within 2 h, has shown benefits like improved lung mechanics and reduced ventilation needs, concerns about mesenteric blood flow disturbances remain (33–37). Research comparing timing within the first 72 h has not found significant clinical differences. Notably, our survey is the first to provide detailed data on loading dose timing, revealing that two-thirds of units administer caffeine within the first day, with significant variation, and about one-sixth start it on the second day.

Recent reviews show that high-dose regimens reduce apnea, extubation failure, and BPD without affecting mortality, though evidence on neurodevelopmental outcomes is conflicting (24, 38–45). Current guidelines recommend 20 mg/kg as a loading dose and 5–10 mg/kg for maintenance, but the two-fold range in maintenance dosing highlights uncertainty about the optimal starting dose. While higher maintenance doses improve short-term respiratory outcomes and reduce bronchopulmonary dysplasia, initiating with 10 mg/kg remains limited to clinical research (46–48). Surveys from the United Kingdom and New Zealand, consistent with our findings, reported 20 mg/kg and 5 mg/kg as the most common doses, with one-third of units using a maintenance dose of 10 mg/kg (7, 10).

Dose adjustment in asymptomatic patients lacks clear guidelines. Dose adjustment in asymptomatic patients is another issue of debate. The CAP study protocol, which starts with a 5 mg/kg maintenance dose and increases weekly based on weight, is an acceptable minimum approach. Some studies have used intermediate doses (49, 50). A United Kingdom survey reported that 86% of units regularly optimize caffeine doses based on weight, while our survey found that 55% of units adjust doses weekly. The lack of clear guidance in international guidelines may explain why dose adjustments based on weight are not performed in half of the units.

As caffeine therapy's role has expanded from treating apnea to providing multisystemic benefits, studies have focused on the concentration-effect relationship. Serum caffeine levels between 5 and 20 mg/dl are considered sufficient for apnea prevention, with higher levels (15–20 mg/dl) showing a positive impact on chronic lung disease (13, 51, 52). While pharmacokinetic data can optimize dosing, they are not always available in routine practice. Studies have considered factors like weight gain and liver metabolism in neonates to determine the appropriate serum level (53–57). Koch et al. recommend gradually escalating the dose to 8 mg/kg from the 5th week onward, a protocol endorsed by the latest European RDS guidelines (2, 57). However, this approach is not widely adopted, with only two units reporting its use.

There is also uncertainty about how to increase the dose in cases with ongoing apnea of prematurity. The CAP trial indicated that the maintenance dose was increased to 10 mg/kg. However, there is evidence that a small loading dose together with an increased maintenance dose is successful in decreasing apnea (58). Gray et al. stated that the maintenance dose was increased in the majority of units (10). Yet, we also observed that just the increase of the maintenance dose or mini loading plus an increase of the maintenance dose wer equally preferred within units.

While the benefits of caffeine therapy are well-established, it is unclear when to discontinue it relative to the baby's discharge. Neonatologists typically require an “event-free” period after stopping caffeine before discharge, but there is no consensus on how long this apnea-free period should be. American Academy of Pediatrics suggests stopping caffeine treatment when the corrected age of the baby reaches 33–34 weeks and they have been free from apnea/positive pressure for one week, which is later while United Kingdom guidelines recommendation includes the farthest outcome (1, 3). In the United Kingdom, 34% of units would stop caffeine at 34 weeks, regardless of respiratory support, while 11% would continue if respiratory support was needed (7). A similar variability was observed in a study by Ji et al. The authors emphasized that respiratory support at the time of discontinuation was common but variable, with 0%–57% of infants receiving positive airway pressure at caffeine discontinuation by site (8). Ducrocq et al. reported that postmenstrual age for discontinuation ranged from 32 to 40 weeks in France (9). Our survey showed a trend of prolonged caffeine treatment based on respiratory support needs, with similar variations observed in caffeine use beyond 36 weeks postmenstrual age. The ongoing apnea or intermittent hypoxemia in premature infants after 34 weeks, along with the benefits of caffeine, forms the clinical approach to this undefined guideline issue (26, 59–61).

The safe serum level considered for discharge after caffeine therapy is <5 mg/dl, which indicates subtherapeutic levels. As can be understood, the time required for the serum level to drop to this level is dose-dependent due to the long half-life (62). Chung et al. showed that the proportion of cases with serum levels higher than the subtherapeutic level after discontinuation of caffeine therapy at ≥5 mg/kg/dose was approximately 50% between 5 and 7 days and around 25% between 8 and 10 days (63). The lack of guidelines results in variable durations for discharge after cessation of caffeine therapy (10).

While our survey garnered responses from 55% of neonatal units, it's significant that the majority of these responses originated from units with long-standing staff. The fact that only one doctor exists in some units may limit the accuracy of the data. Additionally, the response rate is comparable to other multicenter studies guided by the Turkish Neonatal Society suggesting that these responses likely reflect the sentiments of neonatologists across Türkiye (11, 64). Notably, our response rate mirrors that of the study by Grainge et al., a survey conducted in the United Kingdom (7).

One noteworthy aspect of our survey is the documentation of intra-unit preferences. The fact that our national guidelines were published in 2018, followed by the update of the NICE guideline in 2019 and the European Consensus Guidelines on the Management of Respiratory Distress Syndrome in 2022, indicates that neonatologists have clearly followed global guidelines. The significant differences in caffeine usage preferences between units may stem from the lack of clarity in the recommendations of the updated international guidelines. Unlike the United Kingdom survey, which lacked an acknowledgment of physician bias, our survey sheds light on this issue, adding an important dimension to the discussion. The other strength of the current survey is that caffeine use in infants greater than 32 weeks was evaluated. It's important to highlight that there were variations in multiple aspects of caffeine usage.

In conclusion, our survey revealed discrepancies concerning the timing of both caffeine initiation and cessation, gestational age threshold for routine caffeine commencement, and as well as dose adjustment. Intra-unit variability other than national variations underscores the necessity of more focused guidelines. These findings emphasize significant disparities in caffeine utilization across neonatal units in Türkiye.
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