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Background: Hypotension is a common condition during the first postnatal days of very preterm infants and has been associated with an increased risk of adverse outcomes but its management remains controversial. There is a consensus to promote the use of neonatologist-performed echocardiography (NPE) in hypotensive very preterm infants, although no clinical trial ever assessed this practice.

Methods: We conducted a retrospective analysis of prospectively collected data from the French national EPIPAGE-2 cohort to evaluate the association of NPE with survival, severe morbidity, and therapeutic management in very preterm infants with early hypotension. Reasons for administering antihypotensive treatments were also analyzed. We included infants born before 30 weeks of gestation with hypotension within 72 h of birth. Infants managed with (NPE group) or without (no-NPE group) NPE use were compared after matching on gestational age and a propensity score, reflecting each patient's probability of having an NPE based on his/her baseline covariates. This matching procedure intended to control for the indication bias of NPE.

Results: Among 966 eligible infants, 809 were included (NPE group, n = 320; no-NPE group, n = 489), and 229 from each group could be matched. The NPE group did not differ significantly from the no-NPE group for survival (OR 1.01, 95% CI 0.64 to 1.60; p = 0.95) or survival without severe morbidity at discharge (OR 0.92, 95% CI 0.63 to 1.34; p = 0.66), but received more antihypotensive treatments [144/229 (62.9%) vs. 99/229 (43.0%), p < 0.001]. Isolated hypotension was the main reason for treatment in both groups. Among treated infants, volume expansion was administered at equal rates to the NPE and no-NPE groups [118/144 (82.1%) vs. 79/99 (80.1%), p = 0.67], but the NPE group received inotropic drugs more often [77/144 (53.7%) vs. 37/99 (37.8%), p = 0.023].

Conclusion: NPE use in hypotensive preterm infants was not associated with in-hospital outcomes and had little influence on the nature of and reasons for antihypotensive treatments. These results suggest the need to optimize NPE use.
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BACKGROUND

Low arterial blood pressure, often referred to as hypotension, is a common condition during the first postnatal days of very premature infants and has been associated with an increased risk of death or other adverse outcomes such as bronchopulmonary dysplasia or intraventricular hemorrhage (1).

Although hypotension management remains controversial (2–5), there is a consensus to promote multimodal hemodynamic assessment in premature infants, especially with the use of neonatologist-performed echocardiography (NPE) (6). By providing a more comprehensive assessment of the pathophysiological mechanisms leading to low systemic perfusion than blood pressure measurement alone, NPE could theoretically help clinicians decide whether or not to start treatment, and if yes, to choose the most appropriate treatment strategy (7). NPE has been adopted in many NICUs in recent decades (8) and has been shown to influence therapeutic decisions in studies with historical control groups (9, 10), but its impact on clinical outcomes has been assessed only once, when it was used to systematically screen for patent ductus arteriosus (PDA) among preterm infants born before 30 weeks of gestation (11).

The French population-based EPIPAGE-2 (EPIdémiologie des Petits Ages GEstationnels) prospective cohort study recruited premature births in 2011 (12) and collected the use of NPE to assess hemodynamics in the first 72 h after birth. These real-life data offer a unique opportunity to evaluate the association of NPE use with therapeutic management and outcomes in hypotensive preterm infants in a situation where randomization of this imaging practice at the level of a unit seems difficult.

We thus aimed to compare survival, survival without significant morbidity at discharge, and early hemodynamic therapeutic management in preterm infants born before 30 weeks of gestational age who had an episode of hypotension and did or did not have at least one NPE during their first 72 postnatal hours, after adjustment for confounding by indication. We hypothesized that babies in whom NPE was used would receive a specific hemodynamic management and would thus have better outcomes at discharge.



METHODS


Study Design and Data Source

This was a retrospective analysis of prospectively collected data from the EPIPAGE-2 cohort, a French birth cohort intended to describe perinatal management and short- and long-term outcomes of preterm infants (12, 13). Briefly, from March 2011 through December 2011, all maternity units in France included premature births during an 8-month period for births occurring at 24–26 weeks and a 6-month period for births at 27–29 weeks. Data were collected by neonatal and obstetric teams from medical records in specific standardized questionnaires and verified by the local pediatric study coordinator (12).



Participants

Neonates were eligible for this study if they were born between 24+0 and 29+6 weeks of gestation, were admitted to a participating NICU, and had at least one episode of hypotension defined as a minimum mean arterial blood pressure value (minMAP) in mm Hg lower than GA in weeks (minMAP < GA) before 72 h after birth (1, 3, 4). Blood pressure could be measured invasively or non-invasively, and the frequency of blood pressure measurements was not collected.

Exclusion criteria were treatment limitation or withdrawal within 72 h after birth, lethal congenital malformations, and missing data for NPE, minMAP, or hemodynamic treatment in the first 72 h after birth.



Exposure

Exposure was defined as the use of NPE to assess hemodynamic status within the first 72 h after birth. If NPE was performed, neither the number of scans nor the timing of NPE, i.e., whether it preceded or followed a therapeutic decision, was collected. This item in the questionnaire was distinct from that about the systematic echocardiographic screening of PDA. The “NPE” group included infants who received at least one NPE for hemodynamic assessment within 72 h after birth, and the “no-NPE” group infants who did not receive NPE in that period.



Outcomes

Primary outcomes were survival to hospital discharge and survival to discharge without severe morbidity, defined as any of the following: severe bronchopulmonary dysplasia, defined as administration of oxygen for at least 28 days plus need for 30% or more oxygen and/or mechanical ventilatory support or continuous positive airway pressure at 36 weeks' postmenstrual age; stage II and III necrotizing enterocolitis according to Bell's staging; severe retinopathy of prematurity (ROP), defined as stage 3 or more and/or requiring treatment; any of the following severe cerebral abnormalities on cranial ultrasonography: grade III intraventricular hemorrhage according to Volpe's classification; intraparenchymal hemorrhage, defined as a large unilateral parenchymal hyperdensity or a large unilateral porencephalic cyst, or cystic periventricular leukomalacia, defined as periventricular white matter echolucencies. We considered the most severe brain lesion observed among all brain ultrasounds performed until discharge or death.

Secondary outcomes included each of the previously mentioned severe morbidities.

For exploratory analyses, we examined the use of antihypotensive treatments in the first 3 days after birth, their type, and the main reason declared by the attending physician for using such therapy (see definitions in the Supplementary Material).



Statistical Analysis
 
Primary Analysis

To control for the non-random exposure to NPE, we constructed a multivariable logistic regression model to estimate each patient's probability (i.e., propensity score) of having an NPE based on his/her baseline covariates. This model included two types of variables, associated with exposure and/or outcomes: maternal and pregnancy-related characteristics, and neonatal characteristics (see details in the Supplementary Material).

To assess the average treatment effect related to NPE use in the treated infants (ATT), we used a 1:1 greedy matching algorithm without replacement to match exposed and non-exposed infants for gestational age and propensity score within a caliper of 0.2 standard deviations of the logit of the propensity score (14). Standardized differences were examined to assess balance in the observed baseline covariates between exposed and non-exposed groups, with a threshold of 10%, above which the imbalance between groups was unacceptable (15).

In the unmatched cohort, all percentages were weighted to take differences in the recruitment periods into account for infants born at 24+0-26+6 weeks and at 27+0-29+6 weeks.

Outcomes were compared between the NPE and no-NPE groups with odds ratios (ORs) calculated with logistic regression fit by generalized estimating equations (GEE) to account for paired data. The Chi-square test was used to compare the NPE and no-NPE groups for the frequency and nature of antihypotensive treatments and the reason for their use. Median values of volume expansion between the NPE and no-NPE groups were compared with Wilcoxon's Rank-Sum test.

Missing baseline and outcome variables were handled with multiple imputations by chained equations that used the other available variables. We generated 50 independent imputed datasets with 30 iterations each, pooled according to Rubin's rule (16). All tests were 2-sided, and p-values < 0.05 were considered significant. All analyses were performed with R (version 3.6.1) and SAS (version 9.4) software.



Sensitivity Analyses

Two sensitivity analyses were performed using inverse probability of treatment weighting (IPTW) and a GEE regression analysis (see details in the Supplementary Material).



Subgroup Analyses

Two post-hoc subgroup analyses were performed according to the severity of hypotension (minMAP ≤ or > GA-5) and exposure to antihypotensive treatments (treated or untreated). A new propensity score was calculated in each subgroup, and patients were matched as in the main analysis.





RESULTS

Among the 2,136 premature infants born before 30 weeks of gestation in the EPIPAGE-2 cohort and admitted to the NICU, 966 were eligible and 809 were included in the study (Figure 1). Baseline characteristics of the unmatched and matched cohorts are summarized in Table 1. Of the 320 infants in the NPE group and 489 in the no-NPE group, 229 from each group could be matched for gestational age and propensity score (Figure 1). In the unmatched cohort, infants in the NPE group had more frequent markers of severity but matched pairs had standardized differences below 10% for all variables included in the propensity score (Figure 2). The overlap of propensity scores in the NPE and no-NPE groups was limited for extreme values meaning that most infants with a high probability of having NPE actually did and that most infants with a low probability of having it did not (online Supplementary Figure 1).
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FIGURE 1. Population flow chart. NICU, neonatal intensive care unit.



Table 1. Baseline characteristics according to neonatologist-performed echocardiography use
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FIGURE 2. Standardized difference (SDs) in the unmatched and matched cohort, after multiple imputation. SDs are represented on the X-axis. Each covariate included in the propensity score is on the Y-axis. Red dots represent values for the initial sample after weighting to take into account the difference in recruitment periods between gestational age groups and after imputation. Blue triangles illustrate values for the matched cohort. The dotted line represents the 10% standardized difference, which is usually considered as the threshold above which balance in a propensity score is unacceptable. D3, day three after birth; D8, day eight after birth; GA, gestational age; NO, nitric oxide; CPAP, continuous positive airway pressure; minMAP, minimal mean arterial blood pressure.


In the unmatched cohort, 213 (66.9%) of 320 infants from the NPE group received antihypotensive therapies vs. 169 (34.1%) of 489 in the no-NPE group (p < 0.001, Table 2). Survival at discharge did not differ significantly between the NPE and no-NPE groups [244/320 (77.5%) vs. 396/489 (82.4%), respectively; p = 0.08; Table 3] but survival without severe morbidity was lower in the NPE than in the no-NPE group [156/320 (50.7%) vs. 281/489 (59.8%), respectively; p = 0.012; Table 3].


Table 2. Antihypotensive treatments, PDA treatments, and main reason for treatment in infants in NPE and no-NPE groups.
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Table 3. Primary and secondary outcomes according to use of neonatologist-performed echocardiography in the unmatched and matched cohorts after multiple imputation.
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In the matched cohort, 144 (62.9%) of 229 infants from the NPE group received antihypotensive therapies vs. 99 (43.0%) of 229 infants in the no-NPE group (p < 0.001, Table 2). Among infants treated with antihypotensive therapies, the most frequent treatment was volume expansion, administered to 118 (82.1%) of 144 treated infants in the NPE group and to 79 (80.5%) of 99 treated infants in the no-NPE group (p = 0.67, Table 2). The median amount of administered volume was significantly higher in the NPE group than in in the no-NPE group [20 (13–30) vs. 20 (16–40) ml/kg, p = 0,013; Table 2].

Among infants treated with antihypotensive therapies, the use of inotropic drugs was more frequent in the NPE than the no-NPE group [77/144 (53.7%) vs. 37/99 (37.8%), respectively; p = 0.023; Table 2]. The comparison of antihypotensive treatment combinations did not reach a statistically significant difference between the two groups (p = 0.07, Table 2).

Reasons for administering antihypotensive treatments differed significantly between the groups (p < 0.001), but the most frequently reported reason was isolated hypotension in both the NPE (49/144, 41.6%) and no-NPE (48/99, 56.1%) groups. More infants in the NPE than the no-NPE group received a treatment to close the PDA in their first 3 days after birth [78/229 (33.9%) vs. 43/229 (18.7%), respectively; p = 0.001; Table 2].

In the matched cohort, no significant difference between the NPE and no-NPE groups was found for survival (OR 1.01, 95% CI 0.64 to 1.60; p = 0.95; Table 3) or survival without severe morbidity at discharge (OR 0.92, 95% CI 0.63 to 1.34; p = 0.66; Table 3).

Sensitivity analyses using IPTW and logistic regression provided results similar to those of the main analysis (Supplementary Figure 2).

Subgroup analyses stratified for the severity of hypotension yielded no significant differences between the NPE and no-NPE groups among those with minMAP ≤ or > GA-5 (Supplementary Table 1) or among treated or untreated infants (Supplementary Table 2).



DISCUSSION

In this real-life nationwide prospective study, NPE was used to assess hemodynamic status in around 40% of preterm infants born before 30 weeks of gestation with hypotension occurring in the first three postnatal days. After adjusting for confounding by indication, we found no association between NPE use and in-hospital survival or survival without severe morbidities. NPE was associated with more frequent use of antihypotensive therapies, but the nature of these therapies was very similar whether NPE was used or not, except for the amount of volume expansion, which was larger in the NPE group. This study included a large sample of premature infants and used robust statistical methods, which contribute to the external validity of the findings.

The use of NPE is variable in NICUs worldwide, ranging from 9% in the United States (18) to 94% in Italy (19). We did not confirm our initial hypothesis that NPE use would be associated with improved outcomes. Actually, many issues must be resolved before evidence-based guidelines predicated on echocardiographic findings can be adopted: effective training must be implemented, relevant and reproducible echocardiographic markers must be identified and widely adopted, and therapeutic interventions based on these markers must be assessed. To date, none of these things has happened: the existing literature on NPE use for guiding hemodynamic management in preterm neonates is currently insufficient (20) and no randomized controlled trial assessing therapeutic options for increasing blood pressure in preterm infants has succeeded in improving important clinical outcomes (21–26). In line with recommendations from adult intensivists (27), standardizing the use of neonatal echocardiography in hemodynamic clinical research should be strongly encouraged.

Contrary to our initial hypothesis, we found little differences between therapeutic interventions among treated infants according to NPE use. Most of the treated hypotensive infants received volume expansion, and the most frequently used inotropic drug was dopamine, as observed in an international survey contemporaneous with the EPIPAGE-2 study (28). Although volume expansion can increase blood pressure, its wide use is not supported by either long-term clinical benefits (22) or pathophysiological mechanisms (5). Similarly, dopamine is effective for increasing blood pressure but does not improve blood flow or clinical outcomes (21). The recently published multicenter, double-blind, placebo-controlled hypotension in preterm infants (HIP) trial failed to establish any definitive conclusion on the effect of dopamine on survival without brain injury due to insufficient recruitment, leaving the relevance of its use in this context unknown (25).

Interestingly, infants in the NPE groups received PDA treatment more frequently in the first three postnatal days than did the no-NPE group, and the latter showed no catch-up PDA treatments afterwards. We speculate that for these infants, NPE might have helped to identify PDA as the cause of hypotension and led to the administration of treatment (29).

Our study has several limitations. First, we had no information on the timing of NPE in relation to the treatment decision. Therefore, we could not distinguish infants who were treated or untreated based on echocardiographic findings from those who underwent NPE once the treatment started. We also had no information on the number of scans and the timeline of any treatment modifications that followed them. Second, the reasons for performing NPE were also missing, so we could speculate that patients in the NPE-group had clinical conditions leading clinicians to perform NPE. This could explain a more frequent use of anti-hypotensive therapies in the NPE group. Third, we had no information on the existence of a local protocol to guide the assessment and management of hypotension in each NICU, which might have influenced the effects of NPE use. Fourth, the study reflects practices from 2011, which might have changed a decade later. Moreover, the questionnaire did not collect the use of epinephrine or milrinone, which were rarely used in France at that time. Fifth, as in any observational study, residual confounding might persist. However, the use of NPE seems impossible to randomize at the level of a single department or hospital, and the feasibility of a cluster-randomized trial is questionable for that would require that some centers already using NPE to agree to stop using it while the other centers would need to follow a proper training program to implement NPE use. Thus, it is likely that the use of NPE can essentially be assessed only through observational studies (30).



CONCLUSION

In French NICUs in 2011, NPE was used for the hemodynamic assessment of fewer than half of the very preterm infants with hypotension. NPE use was associated with more frequent use of antihypotensive therapies but had little impact on their type and did not appear to influence survival or survival without severe morbidity at discharge. These results do not argue against the use of NPE in this context but rather underline the gap in our knowledge of how to interpret NPE findings, the need for training and echocardiographic-based clinical research on neonatal hemodynamic management, and the necessity for evidence about the benefits of antihypotensive therapies in this vulnerable population.
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