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Aim: To analyze short term outcomes of very low birth weight infants (VLBWI) born preterm after maternal preeclampsia and HELLP syndrome within the German Neonatal Network.

Methods: The German Neonatal Network is a large population-based cohort study enrolling VLBWI since 2009. Two thousand six hundred and fifty two infants below 32 weeks of gestation born after maternal preeclampsia or HELLP syndrome and 13,383 infants born prematurely for other causes between 2009 and 2018 were included in our analysis. Descriptive statistics and multinomial regression models including preeclampsia and HELLP syndrome were performed for short-term outcome measures such as intracerebral hemorrhage, necrotizing enterocolitis requiring surgery, bronchopulmonary dysplasia, retinopathy of prematurity, periventricular leukomalacia, persistent ductus arteriosus requiring surgery, blood culture positive sepsis and death.

Results: After adjustment for confounding variables, preterm birth due to preeclampsia or HELLP syndrome was associated with a reduced risk for intracerebral hemorrhage (OR 0.73, 95% CI 0.60–0.89), necrotizing enterocolitis requiring surgery (OR 0.35 95% CI 0.15–0.82), periventricular leukomalacia (OR 0.61 95% CI 0.40–0.92), and death (OR 0.72 95% CI 0.55–0.96) as compared to other causes of preterm birth.

Conclusions: The indication for preterm birth has an impact on neonatal outcome in preterm infants born below 32 weeks. This notion should be included when counseling the families.
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INTRODUCTION

Globally, about 11% of all infants are born preterm, but the rates significantly vary between different countries and continents (1). In Germany, 8.6% of all children were born preterm in 2017 (2). Very low birth weight infants (birth weight <1,500 g, VLBWI) have the most critical outcome which is influenced by several known risk factors like gestational age, birth weight, antenatal exposure to corticosteroids, gender, single/multiple gestation, place of birth, and mode of delivery (3–5).

Hypertensive disorders are one of the world's leading causes of maternal and perinatal mortality (6). Preeclampsia complicates 2–8% of all pregnancies globally (7) and is characterized by the new onset combination of hypertension after 20 weeks of gestation with proteinuria or another organ dysfunction like thrombocytopenia, renal insufficiency, impaired liver function, pulmonary edema or neurological impairment. Hemolysis, elevated liver enzymes and low platelet count (HELLP) syndrome is a severe form of preeclampsia but can also present without hypertension or proteinuria in up to 15% of the patients (8). The pathophysiology of preeclampsia and HELLP syndrome is not completely understood. Most likely, a disturbed implantation of the placenta is leading to uteroplacental ischemia which causes the release of vasoactive substances from the placenta into the maternal circulation, resulting in an endothelial dysfunction (9, 10). As preeclampsia and HELLP syndrome can only be resolved by removal of the placenta, preterm birth is more common in this group (11). Potential complications for the fetus due to the placental dysfunction include intrauterine growth restriction (IUGR), oligohydramnios, and placental abruption (6).

An interdisciplinary perinatal collaboration is crucial to discuss all the risk factors of threatening preterm birth in order to guide counseling and medical decision-making for an optimal timing of delivery. There are many studies showing that indications for delivery like preterm premature rupture of membranes (PPROM) with chorioamnionitis (12) or IUGR (13) have an impact on neonatal outcome. The objective of this study was to determine the impact of preeclampsia and HELLP syndrome on infant survival and morbidity in a large cohort of VLBWI enrolled in the German Neonatal Network (GNN).



MATERIALS AND METHODS


VLBWI Cohort and Data Collection

In our analysis we included data of VLBWI who were born in 62 GNN centers between January 1st, 2009, and December 31st, 2018. Infants with lethal abnormalities were excluded. After written informed consent was obtained from the parents or legal guardians, data was collected prospectively by neonatologists or trained study personnel. A clinical data set including pre-, peri- and post-natal treatment and outcome data was recorded by according data sheets. The cause of preterm birth was determined by the attending obstetrician, multiple causes were possible. All case record forms were sent to the study center at the University of Luebeck. Data quality was evaluated by annual on-site monitoring by a study nurse or a pediatrician experienced in neonatology.

For statistical analysis, we included VLBWI with at least one known reason for preterm birth. Recorded indications for delivery were clinical chorioamnionitis, preterm labor, pathological cardiotocography, IUGR, preeclampsia and HELLP syndrome, abruption of placenta, PPROM as well as “other reasons.” In this analysis, infants born due to preeclampsia or HELLP syndrome were analyzed against all other infants.



Statistical Analyses

Descriptive statistics using percentages for peri- and post-natal parameters and corresponding indications for preterm birth were carried out. For categorical variables Pearson's-Chi-square test and for continuous variables Mann-Whitney-U-test were used for calculating statistical significance. The type I error level was set to 0.05. To test associations between cause of preterm birth (preeclampsia and HELLP syndrome) and different outcome variables we performed a multinomial regression model to calculate odds ratios (OR) and corresponding 95% confidence intervals (CI). Confounding variables included: gestational age, application of antenatal steroids, mode of delivery, gender, birth weight, multiple birth and IUGR. The following outcome variables were tested: intracerebral hemorrhage (ICH), necrotizing enterocolitis (NEC) requiring surgery, bronchopulmonary dysplasia (BPD), retinopathy of prematurity (ROP), periventricular leukomalacia (PVL), persistent ductus arteriosus (PDA) requiring surgery, blood culture positive sepsis and death. Missing data were not imputed. All statistical analyses were performed with SPSS 25.0 software (IBM SPSS Statistics for Windows, Version 25.0. Munich, Germany).



Definitions

The analyzed group “preeclampsia and HELLP syndrome” comprises all infants who were delivered because of maternal HELLP syndrome, preeclampsia or eclampsia as documented by the attending obstetrician. IUGR is defined as intrauterine growth <10th percentile for gestational age in combination with pathologic arterial and venous Doppler ultrasound examination in pregnancy. The diagnosis was recorded by the attending neonatologist as documented in the maternal medical record by the obstetrician. The term is used distinct from small for gestational age (SGA), which is defined as birth weight <10th percentile according to gestational age (14). IUGR fetuses do not reach their genetically determined growth potential as a consequence of the placental dysfunction and have a higher morbidity and mortality, whereas SGA fetuses include the large group of genetically small fetuses without pathology (15). Clinical chorioamnionitis is a syndrome of the mother, which is diagnosed if one or more of the following signs and symptoms are present: maternal fever (intrapartum temperature >37.8°C), maternal tachycardia (>120 beats/min) or fetal tachycardia (>160–180 beats/min), purulent or foul-smelling amniotic fluid or vaginal discharge, uterine tenderness, maternal leukocytosis (total blood leukocyte count >15,000–18,000 cells/μL) (16).

BPD is diagnosed when needing supplemental oxygen or ventilation support at 36 weeks of post-menstrual age (17). Clinical sepsis was defined as condition when neonatologists decided to treat the infant with antibiotics and continue for at least 5 days due to the following reasons: ≥ 2 clinical signs of systemic inflammatory response: temperature > 38°C or <36.5°C, tachycardia > 200/min, new onset or increased frequency of bradycardias or apnoea, hyperglycaemia > 140 mg/dl, base excess < −10 mval/l, changed skin color, increased oxygen need; and 1 laboratory sign: C-reactive protein > 10 mg/L, platelet count <100/nl, immature/total neutrophil ratio > 0.2, white blood cell count <5/nl (NeoKISS) (18, 19). Clinical diagnosis of early-onset sepsis (EOS) is defined as signs of sepsis within the first 72 h after birth with or without proof of a causative agent in blood culture, clinical diagnosis of late-onset sepsis (LOS) is defined as signs of sepsis after the first 72 h after birth with or without proof of a causative agent. Death is defined as death occurring after admission to the NICU within the primary stay in hospital. Intracerebral hemorrhage grades I-IV are diagnosed according to the ultrasound criteria of Papile in line with a standardized protocol derived from the DEGUM (German Society for Ultrasound in Medicine) (20). NEC requiring surgery is defined as clinical NEC classified as Bell Stage II or Bell Stage III with the need for laparotomy with or without resection of necrotic gut, and the macroscopic diagnosis of NEC. PVL is defined as white-matter brain injury, characterized by cystic degeneration of white matter near the lateral ventricles as diagnosed by ultrasound imaging which was applied in all participating centres. ROP requiring surgery is defined as ROP stage with need of operative treatment.




RESULTS


Study Population and Perinatal Characteristics

Between 2009 and 2018, 17,213 VLBWI below 37 weeks of gestation were enrolled in the GNN. After exclusion of VLBWI born > 32 weeks, datasets of 16,035 VLBWI were available for analysis. Of these infants, 2,652 were born after maternal preeclampsia or HELLP syndrome (see Figure 1).


[image: Figure 1]
FIGURE 1. Flowchart of enrolment and inclusion criteria of the study population.


Table 1 shows the baseline characteristics of our cohort. Infants born due to preeclampsia and HELLP syndrome had a higher mean gestational age compared to infants with other indications for preterm birth [29.0 (±2.3) vs. 28.1 (±2.5) weeks of gestation]. In the preeclampsia and HELLP group, there were significantly more female infants (53.8 vs. 47.2%) and less vaginal deliveries (0.8 vs. 10.7%).


Table 1. Cohort characteristics according to indication for preterm birth.
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Table 2 shows additional indications for preterm birth for both groups (preeclampsia and HELLP syndrome vs. all other indications for preterm birth). Pathological cardiotocography (23.6 vs. 20.2%) and IUGR (30.9 vs. 19.5%) were more frequently present in VLBWI delivered after maternal preeclampsia and HELLP syndrome than in VLBWI without preeclampsia and HELLP. This is in line with the fact that IUGR and pathological CTGs may also be a result of a placental dysfunction.


Table 2. Indications for preterm birth of the cohort other than preeclampsia and HELLP syndrome.

[image: Table 2]



Outcome Characteristics
 
Univariate Analyses

Univariate analyses suggested that infants with maternal preeclampsia and HELLP syndrome had a smaller risk for clinical sepsis (26.4 vs. 29.6%, p < 0.001), LOS (10.3 vs. 12.1%, p = 0.01), blood culture positive sepsis (10.7 vs. 12.8%, p = 0.001), ICH (10.7 vs. 20.2%, p < 0.001), PVL (1.4 vs. 3.4%, p < 0.001), NEC requiring surgery (1.9 vs. 2.7%, p = 0.016), PDA requiring surgery (2.7 vs. 4.2%, p < 0.001), and death (2.8 vs. 4.0%, p = 0.003) as compared to infants born due to other reasons (Table 3).


Table 3. Neonatal outcome parameters by indication for preterm birth.
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VLBWI born after preeclampsia and HELLP syndrome with IUGR showed increased frequencies for complications compared to infants born without IUGR (Table 4), in particular increased rates of clinical sepsis (33 vs. 23.4%, p < 0.001), blood culture proven sepsis (13.0 vs. 9.7%, p = 0.012), BPD (19.1 vs. 11.6%, p < 0.001), NEC requiring surgery (3.3 vs. 1.3%, p = 0.001), and death (4.4 vs. 2.1, p = 0.001).


Table 4. Outcome of infants born after preeclampsia or HELLP syndrome with or without intrauterine growth restriction.
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When evaluating all IUGR infants within the cohort (n = 3,428 in total), the neonates who were additionally exposed to maternal preeclampsia and HELLP syndrome had higher frequencies for clinical sepsis (33.0 vs. 27.1%, p = 0.001), BPD (19.1 vs. 15.3%, p = 0.011), and NEC requiring surgery (3.3 vs. 2.0%, p = 0.025) compared to VLBWI with IUGR but without preeclampsia and HELLP syndrome (Table 5).


Table 5. Univariate analysis of outcome parameters of all infants born after IUGR with or without preeclampsia and HELLP syndrome.

[image: Table 5]



Multinomial Regression

In our final analysis we adjusted for confounding factors, which are known to influence the outcome of VLBWI, such as gestational age, antenatal administration of steroids, mode of delivery, gender, birth weight, multiple birth, IUGR as well as preeclampsia, and HELLP syndrome. We found that preeclampsia and HELLP syndrome were associated with a risk reduction for ICH (OR 0.73 95% CI 0.60–0.89, p = 0.002), NEC requiring surgery (OR 0.35 95% CI 0.15–0.82, p = 0.016), PVL (OR 0.61 95% CI 0.40–0.92, p = 0.017), and neonatal death (OR 0.72 95% CI 0.55–0.96, p = 0.023, Table 6).


Table 6. Multinomial regression for different outcome variables controlled for gestational age, antenatal administration of steroids, mode of delivery, gender, birth weight, multiple birth, IUGR and preeclampsia, and HELLP syndrome.
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DISCUSSION

We present observational data of the large-scale multicenter GNN cohort evaluating the effects of maternal preeclampsia and HELLP syndrome on morbidity and mortality of VLBWI born before 32 weeks of gestation. Our data suggest that VLBWI born after maternal preeclampsia and HELLP syndrome have a lower risk for ICH, NEC requiring surgery, PVL, and death as compared to infants born due to other reasons. These results remaine significant after controlling for known risk factors like gestational age, antenatal administration of steroids, mode of delivery, gender, birth weight, multiple birth, and IUGR in a multinomial regression model.

The major strengths of our population-based data analysis are the large cohort size in a multicenter setting within Germany (n = 2,652 cases of preeclampsia or HELLP syndrome) and the accurate phenotypic characterization of the infants. This is accomplished by regular monitoring of data quality within the GNN. There also are some limitations which need to be discussed. One limitation is the fact that it was common in our cohort to have more than one prenatal cause for preterm birth per infant-mother pair. For example, 56 of 2,652 VLBWI (2.1%) were exposed to preeclampsia and HELLP syndrome in combination with preterm labor (see Table 2). This could state a source of confounding when looking at the possible effects of a reason for preterm birth on neonatal outcome. Only a prospective design which differentiates between the main causes of preterm birth and secondary maternal or fetal morbidities could overcome these limitations. A prospective multicenter study by Garite et al. (21) with 1,089 infants tried to solve this problem by additionally including the maternal indication for admission to the hospital in the analysis, but this data was not available for our cohort. In addition, the focus of the GNN is set on the neonatal information. Therefore, there might be some underreporting of maternal morbidities and certain maternal parameters are not recorded. For example, the GNN does not report maternal weight and height. Maternal obesity is associated with preeclampsia and HELLP syndrome (22) and could be an important parameter to influence neonatal outcome. We were not able to control for this variable. We present data on the early neonatal outcomes here. The GNN is also designed to test neonatal outcome at the age of 5–6 years in a subgroup of infants (e.g., cognitive and motoric test, lung function, visual, and hearing tests). The influence of preeclampsia and HELLP syndrome on long-term outcome variables could not be presented in the current analyses due to an insufficient number of data sets. It is important to study the long-term neonatal outcome for this group in the future to see if the early benefits translate to later life.

Recent studies showed an influence of the reason for preterm birth itself on neonatal outcome (12, 13), which is of importance when counseling the parents confronted with a preterm birth risk as well as when aiming for an optimal timing of delivery (21). In the case of preeclampsia and HELLP syndrome previous studies suggested an improved neonatal outcome compared to other reasons for preterm birth. A retrospective cohort study by Wang et al. (23) (n = 528, 23–34 weeks) found that preeclampsia was associated with an improved neonatal outcome compared with fetal and obstetric indications for delivery by using a composite neonatal outcome consisting of death, cord blood pH <7 or base excess < -12, 5-min Apgar ≤ 3, cardiopulmonary resuscitation during resuscitation, culture-proven sepsis, intraventricular hemorrhage, and necrotizing enterocolitis. We found a lower risk for ICH and PVL in VLBWI born after maternal preeclampsia or HELLP syndrome in our cohort. This is in line with the retrospective cohort study of Morsing et al. (24) (n = 1,152, <30 weeks) which found that infants born after maternal preeclampsia showed lower odds of ICH (OR 0.17, 95% CI 0.05–0.57). Furthermore, an analysis from the EPIPAGE cohort noted a lower risk for PVL and ICH for infants born after hypertensive disorders than for infants born after preterm labor or PPROM (25). The authors explained their results with the fact that infants born after maternal hypertensive disorders are less exposed to inflammation. The etiology of adverse neonatal outcome is multifactorial but inflammatory processes are discussed to play a critical role (26). Some authors have reported a higher neonatal infectious morbidity and mortality after PPROM (27), others had contrary results and did not find a negative impact (28, 29). In our cohort, infants born due to other indications included preterm neonates born after spontaneous preterm birth caused by preterm labor (44.1%) and PPROM (14.4%) as well as suspected clinical chorioamnionitis (26.7%, see Table 2). Infants born due to maternal preeclampsia and HELLP syndrome had low rates of preterm labor (2.1%), PPROM (0.7 %) and clinical chorioamnionitis (1.9%, see Table 2) as they were a result of indicated delivery. It is unkown how many of suspected chorioamnionitis cases translated into neonatal inflammation as we did not have histopathological data of the feto-placental unit. We cannot distinguish if inflammation is the reason for the beneficial outcome of the preeclampsia and HELLP group. But if that was the case, one would expect a lower rate of infectious complications like EOS or LOS in the preeclampsia and HELLP group, which we did not find. Further studies are needed to evaluate the impact of maternal clinical chorioamnionitis on neonatal outcome.

Apart from inflammation, the improved outcome of VLBWI with indicated preterm birth for maternal indications has been discussed to be a result of a high rate of cesarean deliveries (30, 31). Typically, women with early-onset preeclampsia do not present with signs of spontaneous preterm birth or infection. 92.9% of VLBWI with preeclampsia and HELLP in our cohort were delivered by cesarean section in contrast to only 77.9% without preeclampsia and HELLP syndrome. However, even after adjustment for mode of delivery in our multinomial regression, the association of preeclampsia and HELLP syndrome with a reduced risk for an adverse neonatal outcome remained statistically significant.

After adjustment for confounders we found no impact of maternal preeclampsia and HELLP syndrome on neonatal BPD risk. There have been descriptions of a relationship between maternal preeclampsia and neonatal BPD as both diseases are associated with signs of impaired angiogenesis, but the results are conflicting (32). Circulating angiogenic factors in the bloodstream of mothers with preeclampsia can cross the placenta, reach the fetus and possibly affect the developing lungs (33). Some studies reported a higher BPD risk in infants born after preeclampsia (34–36), others a lower risk (32). Similar to our results, an Australian cohort study (n = 1,268) did not show a higher risk for neonatal BPD after preeclampsia (37).

In analogy to BPD, there have been discussions about an association between maternal preeclampsia and the neonatal NEC risk. We found a significantly lower risk for NEC requiring surgery in the preeclampsia and HELLP group. Some studies have reported a higher risk for NEC in preeclampsia cohorts (34), but this was often found in the subgroups of IUGR infants of preeclamptic mothers (38, 39). A large case-control study (n = 720 cases of NEC) from Sweden reported similar results of a lower NEC risk for infants born after preeclampsia (40) but the underlying mechanisms remain unclear. Our analysis did not include NEC not requiring surgery, which could also make a difference when comparing our results to other cohorts.

IUGR alone is known to be associated with severe neonatal mortality and morbidity (41, 42). In combination with preeclampsia and HELLP syndrome, growth restricted neonates have a poorer outcome concerning severe morbidity and death (43). Uteroplacental dysfunction is the common pathology leading to IUGR and preeclampsia. Therefore, IUGR is a lot more prevalent in the preeclampsia and HELLP group compared to the control group (30.9 vs. 19.5%) and we had to control for this risk factor in our multinomial regression. Morbidity and mortality of IUGR infants are significantly related to the gestational age at birth. Therefore, the primary goal of obstetrical surveillance and management of preterm growth-restricted fetuses is to delay delivery in order to gain gestational age (44, 45). This is commonly not possible if IUGR is combined with maternal preeclampsia or HELLP syndrome as the time from diagnosis of IUGR to delivery is shorter and the indication for delivery is often made for maternal symptoms. This leads to a poorer neonatal outcome (43). Our univariate analysis shows that VLBWI with IUGR had significantly increased rates of all kinds of sepsis and BPD, NEC requiring surgery and death, which is in concordance with the literature. In the multinomial analysis we controlled for IUGR.

In summary, our study shows that the prenatal diagnosis of preeclampsia and HELLP syndrome leading to preterm birth has an impact on neonatal outcome. In our cohort, VLBWI born after preeclampsia and HELLP syndrome have a lower risk for ICH, PVL, NEC, and death. This information can be used in interdisciplinary discussions in order to guide counseling and medical decision-making leading toward an optimal timing for preterm delivery. Further prospective studies which define a main indication for delivery are necessary to study the impact of the indication of delivery on neonatal outcome.
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