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Abstract

:

Background: Low platelet count might promote resistance to pharmacological closure with indomethacin and ibuprofen of a hemodynamically significant patent ductus arteriosus (hsPDA). However, no studies have investigated if this occurs with paracetamol. Methods: We retrospectively assessed the correlation between platelet count, mean platelet volume (MPV), and plateletcrit (PCT), as well as the effectiveness of paracetamol in closing hsPDA in infants born at 23+0–31+6 weeks of gestation who were treated with 15 mg/kg/6 h of i.v. paracetamol for 3 days. Results: We studied 79 infants: 37 (47%) Had closure after a course of paracetamol and 42 (53%) did not. Platelet count and PCT did not correlate with paracetamol success or failure in closing hsPDA, while MPV was lower at birth (10.7 ± 1.4 vs. 9.5 ± 1.1; p < 0.001) and prior to starting therapy (11.7 ± 1.9 vs. 11.0 ± 1.6; p = 0.079) in refractory infants. Regression analysis confirmed that the low MVP measured prior to starting the treatment increased the risk of hsPDA paracetamol closure failure (OR 1.664, 95% CI 1.153–2.401). Conclusions: The greater MPV correlated positively with the effectiveness of paracetamol in closing hsPDA, while platelet count and PCT did not influence closure rates. Additional studies are needed to confirm our results.
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1. Introduction


Patent ductus arteriosus (PDA) is a common disease of preterm infants who suffer from respiratory distress syndrome (RDS). Medical and/or surgical treatment for a hemodynamically significant PDA (hsPDA) is required for 60–70% of preterm infants below 28 weeks’ gestation [1]. There is still controversy concerning the proper management of PDA, since randomized controlled trials (RCTs) of hsPDA closure administering non-steroidal anti-inflammatory drugs (NSAIDs) have often failed to prove significant advantages in preterm infants [2]. Although infants who exhibit a persistent left-to-right shunt through the ductus arteriosus complicate RDS, they present an increased risk of respiratory failure, bronchopulmonary dysplasia (BPD), intraventricular hemorrhage (IVH), and mortality [1,3,4,5,6]. Indomethacin or ibuprofen is commonly used to perform the pharmacological closure. Both of the drugs are successful in promoting ductal closure in 70–80% of cases. However, severe adverse effects, such as gastrointestinal perforation, acute renal failure, and bleeding disorders have been reported [7,8,9,10]. Recent studies have demonstrated that paracetamol is effective in closing and constricting hsPDA [11,12,13] with a better safety profile [13,14,15].



Studies in animals have shown that low platelet count was associated with a higher risk of PDA in preterm infants, and with the failure of pharmacological closure, by limiting the thrombosis of ductal lumen during physiological anatomical closure [16]. On the other hand, a better luminal occlusion was promoted by a higher platelet count that indeed supports thrombosis [16]. Several clinical studies have recently confirmed these assumptions, demonstrating that low platelet count can augment the risk of developing hsPDA in preterm infants [17,18] and might promote its resistance to pharmacological closure with indomethacin and ibuprofen [19]. Moreover, other platelet indices, such as mean platelet volume (MPV) and plateletcrit (PCT), have been correlated with the development of hsPDA and its response to drug therapy [18,20].



However, no previous study has investigated the possible association between the effectiveness of paracetamol in closing hsPDA and platelet indices in very preterm infants. Therefore, the purpose of this study was to assess the possible correlation between platelet count, MPV, and PCT, as well as the effectiveness of paracetamol in promoting the closure of hsPDA in very preterm infants.




2. Materials and Methods


Herein, we performed this retrospective study at the third level neonatal intensive care unit (NICU) of Careggi University Hospital of Florence and Fondazione Policlinico Universitario A. Gemelli of Rome. Local ethics committees approved the study.



Infants with a gestational age ranging from 23+0 to 31+6 weeks, who developed a hsPDA which was treated with 15 mg/kg/6 h of i.v. paracetamol for 3 days [12,13], as the first pharmacological course or after the failure of an initial course of i.v. ibuprofen (Pedea®, Orphan Europe, Paris, France; 10 mg/kg followed by 5 mg/kg after 24 and 48 h) were enrolled. Exclusion criteria were major congenital malformations, chromosomal disorders, inherited metabolic diseases, death within the first week of life, and the lack of platelet data required for the study.



2.1. Platelet Measurements


We evaluated the platelet count, MPV, and PCT (=platelet count × MPV/10.000) at birth (within the first 3 h of life) and 24–48 h prior to starting the first course of paracetamol, since these measurements have the greatest probability of correlation with PDA response to paracetamol. A complete blood count was obtained from the samples by venous umbilical catheter, venipuncture or rarely arterial puncture.




2.2. PDA Diagnosis and Treatment


The diagnosis of hsPDA was made between 24–72 h of life by an echocardiographic presence of a ductal left-to-right shunt, with a left atrium-to-aortic root ratio >1.3 or a ductal size >1.5 mm and by eliminating the cases of restrictive PDA indicated using the closing flow pattern [13]. Infants were treated with paracetamol as a first choice when they had contraindications to ibuprofen (serum creatinine concentration >1.5 mg/dL, urine output <1 mL/kg/h or <0.5 mL/kg/h during the first 24 h of life; platelet count <50,000/mm3, IVH ≥ 3° grade), and as second choice when they were refractory to ibuprofen therapy.



Echocardiography was repeated as a minimum after 24 h from the last dose of the first pharmacological course and, subsequently, according to the PDA progress. A pediatric cardiologist or a neonatologist who has achieved adequate expertise in newborn heart ultrasound performed the cardiac ultrasounds.



When the PDA was still hemodynamically significant after the first pharmacological course, a second course of paracetamol or ibuprofen was administered 24 h after the last dose of the previous course. The successive pharmacological and/or surgical management of PDA was decided according to the local protocols.



The daily clinical care of the patients followed the common practice of each center. The fluid intake began at 70–80 mL/kg and was gradually augmented by 10–20 mL/kg/day, according to the changes in body weight, serum sodium concentrations, and osmolality, in order to achieve at the end of the first week of life the intake of 150–160 mL/kg. In the case of systemic hypotension which is resistant to fluid-replacement therapy, the dopamine and/or dobutamine treatment was administered. The treatment of RDS included oxygen therapy, respiratory support, and rescue surfactant replacement, in order to reach the following targets: PaO2 50–60 mmHg, PaCO2 < 65 mmHg, pH > 7.20, SpO2 90–95%.




2.3. Recording of Clinical Data


The medical and nursing chart review was carried out and for each infant the following data were recorded: Gestational age, birth weight, birth weight <10° percentile, sex, Apgar score at 5 min, mode of delivery, antenatal steroids, RDS occurrence, surfactant therapy, need and duration of non-invasive respiratory support (high-flow nasal cannulae (HFNC), nasal continuous airway pressure (NCPAP), bi-level NCPAP (BiPAP), nasal intermittent mechanical ventilation (N-IMV)) and mechanical ventilation (patient-triggered ventilation or high frequency ventilation (HFV)), treatment of vasoactive drugs (i.e., dopamine, dobutamine), occurrence of PDA requiring treatment with ibuprofen or surgical closure, sepsis, bronchopulmonary dysplasia (BPD), surgical necrotizing enterocolitis (NEC), IVH ≥ 3° grade, periventricular leukomalacia (PVL), retinopathy of prematurity (ROP) ≥ 3° grade, duration of hospital stay, and death. BPD was diagnosed in the case of oxygen need at 36 weeks post-menstrual age [21]. NEC was defined in agreement with Bell’s criteria [22]. In addition, the diagnosis of sepsis was made in the case of positive blood culture. IVH was graded following the classification of Papile et al. [23], and PVL was established in agreement with the De Vries’ criteria [24]. Furthermore, the severity of ROP was evaluated according to the International Classification [25].




2.4. Statistical Analysis


The infants enrolled in the study were stratified into subgroups of infants who had hsPDA closure after the first 3-day course of paracetamol and infants who did not. Their clinical characteristics were described as the mean and standard deviation, median and range or rate and percentage. The mean imputation was used to replace the missing data with an estimated value based on the other available information. Shapiro-Wilk’s test was applied to assess the normality of data distribution. Student’s “t” test was used to analyze the parametric continuous variables and the Wilcoxon rank sum test was used in the case of deviation from normality assumptions. The Χ2 test was used to compare categorical variables. p < 0.05 was considered statistically significant.



A multivariable stepwise logistic regression analysis was executed to assess the potential effect of independent variables on the effectiveness of paracetamol on hsPDA closure. Variables that upon univariate analyses were different between the groups (p < 0.100) were included in the model, excluding those who showed collinearity (variance inflation factors <5). Therefore, we studied the effects of gestational age, cesarean section, dopamine treatment, and MPV at birth and before the treatment with paracetamol. Results are presented as coefficients of independent variables with 95% confidence intervals (CI).





3. Results


The study was carried out from November 2017 to March 2020. We enrolled a total of 79 infants who developed hsPDA 37 (47%) who had closure after a course of paracetamol and 42 (53%) who did not. Paracetamol was given as first line of treatment in 55 (70%) patients or after failure of an initial course of ibuprofen in 24 (30%) patients at a mean age of 5.2 ± 6.8 days of life.



The clinical characteristics of infants responding and refractory to paracetamol are reported in Table 1: Infants refractory to paracetamol had lower gestational age, less frequent birth by caesarean section, and more frequent treatment with dopamine.



Upon univariate analysis, platelet count and PCT were similar in infants who responded or did not respond to paracetamol, both at birth and prior to starting therapy, while MPV was lower at birth (10.7 ± 1.4 vs. 9.5 ± 1.1 fL; p < 0.001) and prior to starting therapy (11.7 ± 1.9 vs. 11.0 ± 1.6 fL; p = 0.079) in refractory infants (Table 2).



Regression analysis demonstrated that MPV measured prior to starting the treatment with paracetamol increased the risk of hsPDA closure failure (OR 1.664, 95% Cl 1.153–2.401; p = 0.012), after adjusting for effects of gestational age, cesarean section, and dopamine treatment (Table 3).




4. Discussion


Our study is the first to investigate the possible correlation between platelet count, MPV, and PCT, as well as the pharmacological effect of paracetamol in closing hsPDA in very preterm infants. Our results demonstrated that platelet count and PCT, measured at birth and prior to starting therapy, did not affect paracetamol effectiveness, while smaller platelets prior to starting therapy increased the risk of paracetamol failure in closing hsPDA.



A recent meta-analysis on the pharmacological closure of hsPDA suggested that the pre-treatment with thrombocytopenia was associated with higher odds of failure of the first course of indomethacin or ibuprofen [19]. Our results disagreed with these findings. However, the meta-analysis did not include studies using paracetamol and thus could not be considered conclusive, since it reviewed eight heterogeneous studies (six retrospective studies and two case-control studies reporting conflicting results), which were mostly not primarily designed to address the issue of correlation between platelet count and pharmacological closure of hsPDA [19]. Moreover, a small percentage (11%) of our population had a moderate-to-severe thrombocytopenia (platelet count < 100 × 103/mm3) and this might have made it difficult to demonstrate a possible correlation between thrombocytopenia and paracetamol failure. However, another intriguing possibility is that the effectiveness of paracetamol is actually less affected by platelet count in comparison with indomethacin and ibuprofen. In fact, both of these drugs are known to inhibit thromboxane release and impair platelet aggregation (enhancing the effect of thrombocytopenia in favoring the development of hsPDA), while paracetamol has been reported to have a negligible effect on platelet aggregation, making its closing effect on hsPDA less easily influenced by thrombocytopenia [26].



We found that the larger platelet volume prior to starting therapy decreased the risk of paracetamol failure in closing hsPDA. This might occur due to the fact that a larger MPV is known to enhance platelet reactivity promoting the activation of the coagulation system, and for this reason, facilitating the deposition of fibrin in the microcirculation [27]. Therefore, it is possible that larger platelets facilitate DA thrombosis and anatomical closure, enhancing the closing effect of paracetamol. Nevertheless, the effects of platelet volume have not been deeply explored in preterm infants: A few studies have compared the platelet volume of term and preterm infants with conflicting results, since MPV values were found to be comparable [28,29] or lower [30] in preterm than in term infants. Gioia et al. found that oxygen therapy or the need for mechanical ventilation at 48 h of life were more frequently associated with lower MPV [31], while other authors reported higher MPV in preterm infants with RDS [32] and BPD [20] compared to the control groups. However, the complex mechanisms which control the platelet size have not been completely elucidated. In addition, the inverse correlation between platelet count and volume, which has been described in preterm infants [32] (a low platelet volume might be associated with a high platelet count and vice versa) could reduce the potential effect of these platelet indices on hsPDA closure.



The limitations of the present study include the retrospective design and the relatively small size population, which precluded the possibility of evaluating other factors potentially influencing the effect of paracetamol in closing hsPDA, such as the treatment with other drugs (i.e., furosemide and aminoglycosides, which were found to have a vasodilatory effect in the DA of animal models) and genetics. However, considering the homogeneity of our population, it is improbable that our results are a statistical artefact resulting from a population substructure.




5. Conclusions


In this paper, we found that a greater platelet volume was positively correlated with the effectiveness of paracetamol in closing hsPDA, while platelet count and PCT were not. Additional studies on this topic are needed to confirm our results and to evaluate the clinical values of this biomarker in predicting the response of hsPDA to the pharmacological treatment with paracetamol.
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Table 1. Clinical characteristics of infants with hsPDA responding or refractory to the treatment with paracetamol. Mean ± SD or rate and (%) or median and (range).
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	PDA Responding to

Paracetamol

(n = 37)
	PDA Refractory to

Paracetamol

(n = 42)
	p





	Gestational age (weeks)
	27.4 ± 2.4
	26.2 ± 2.3
	0.026



	Birth weight (g)

<10° percentile
	911 ± 321

7 (19)
	830 ± 287

5 (12)
	0.240

0.136



	Male
	21 (57)
	25 (60)
	0.690



	Apgar score at 5th min
	7 (4–8)
	7 (6–9)
	0.842



	Antenatal steroids
	25 (68)
	26 (62)
	0.832



	Caesarean section
	30 (81)
	25 (60)
	0.037



	NIV

Duration (h)
	31 (84)

25.6 ± 24.6
	36 (86)

32.6 ± 26.2
	0.812

0.227



	MV

Duration (h)
	25 (68)

15 ± 18
	34 (81)

15 ± 16
	0.172

1.000



	Surfactant
	34 (92)
	38 (90)
	0.825



	Dopamine

Dobutamine
	17 (46)

9 (24)
	29 (69)

13 (31)
	0.038

0.512



	Paracetamol as first choice for hsPDA treatment
	25 (68)
	30 (71)
	0.931



	Age at paracetamol treatment (d)
	4.8 ± 4.9
	5.5 ± 8.1
	0.649



	Surgical closure of hsPDA
	0
	10 (24)
	N/A



	Sepsis
	22 (59)
	21 (50)
	0.400



	BPD
	20 (54)
	20 (48)
	0.386



	NEC
	3 (8)
	1 (2)
	0.247



	IVH≥ 3° grade
	10 (27)
	15 (36)
	0.407



	PVL
	5 (14)
	7 (17)
	0.700



	ROP ≥ 3° grade
	7 (19)
	4 (10)
	0.229



	Mortality
	10 (26)
	6 (14)
	0.160



	Hospital stay (d)
	93 ± 61
	89 ± 46
	0.741







hsPDA: hemodynamically significant patent ductus areteriosus; NIV: Noninvasive ventilation; MV: Mechanical ventilation; PDA: Patent ductus arteriosus; BPD: Bronchopulmonary dysplasia; NEC: Necrotizing enterocolitis; IVH: Intraventricular hemorrhage; PVL: Periventricular hemorrhage; ROP: retinopathy of prematurity.
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Table 2. Platelet count, mean platelet volume (MPV), and plateletcrit (PCT) in infants with hsPDA responding or refractory to the treatment with paracetamol. Mean ± SD or rate and (%).
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	PDA Responding to Paracetamol (n = 37)
	PDA Refractory to Paracetamol (n = 42)
	p





	Platelet count (×103/mm3) at birth before paracetamol
	184.8 ± 81.8

201.3 ± 137.7
	199.4 ± 82.6

215.9 ± 110.6
	0.433

0.603



	Platelet count at birth:
	
	
	



	<50 (×103/mm3)
	2 (5)
	1 (2)
	0.436



	51–99 (×103/mm3)
	4 (11)
	2 (5)
	0.311



	100–150 (×103/mm3)
	7 (19)
	11 (26)
	0.442



	Platelet count before paracetamol:
	
	
	



	<50 (×103/mm3)
	0
	1 (2)
	0.345



	51–99 (×103/mm3)
	6 (16)
	2 (5)
	0.092



	100–150 (×103/mm3)
	7 (19)
	11 (26)
	0.442



	MPV (fL):
	
	
	



	at birth
	10.7 ± 1.4
	9.5 ± 1.1
	<0.001



	before paracetamol
	11.7 ± 1.9
	11.0 ± 1.6
	0.079



	PCT (%):
	
	
	



	at birth
	0.21 ± 0.09
	0.21 ± 0.08
	1.000



	before paracetamol
	0.26 ± 0.19
	0.24 ± 0.12
	0.161
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Table 3. Regression analysis correlating the effect of selected variables with the effectiveness of paracetamol on hsPDA closure.
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	Odds Ratio and (95% CI)
	p





	Gestational age
	1.241 (0.974–1.579)
	0.080



	Cesarean section
	2.714 (0.800–9.204)
	0.109



	Dopamine
	0.345 (0.113–1.053)
	0.062



	MPV at birth
	1.462 (0.893–2.393)
	0.131



	MPV before treatment
	1.664 (1.153–2.401)
	0.012
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