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The complex interplay of clinical and hemodynamic influence on ductal response to acetaminophen in high-risk extreme low gestational age newborns
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ABSTRACT 

	

Aim: To compare clinical and echocardiographic characteristics between infants with successful ductal closure and persistent PDA post-acetaminophen treatment.

Design: Single center clinical audit.

Patients: Infants born< 28 weeks gestation

Place and Duration of Study: Tertiary NICU, KK Women’s and Children’s Hospital, Singapore from February 1st 2021 until October 31st 2024.

Methodology: Infants born at less than 28 weeks gestation requiring treatment for HsPDA and received acetaminophen were included in the study. The clinical audit was conducted retrospectively, with early treatment defined as acetaminophen therapy initiated within the first two weeks of life and late thereafter.

Results: Of the 116 infants studied, 70 received early treatment and the rest late therapy (>2 weeks) with acetaminophen. PDA closure was achieved in 30% of both the groups. Among early treatment group, successful closures were seen in infants with higher gestational age (27.11 ± 1.44 vs 25.73 ± 1.19weeks, p=0.001) and small for gestational age (SGA) (38% vs 14%, p=0.02, 95% CI 0.08–0.98) infants. Echocardiogram of the closed group in both early and late therapy showed significantly lower ductal diastolic velocity (0.36 ± 0.17 vs. 0.51 ± 0.30m/s, p=0.02), lower left ventricular end-systolic diameter (7.71 ± 1.21 vs. 8.39 ± 1.36mm, p = 0.04), lower Doppler velocities (Vmax) across the main pulmonary artery (MPA) (0.66 ± 0.17 vs. 0.83 ± 0.26m/s, p=0.003) and ascending aorta (0.82 ± 0.21 vs. 0.95 ± 0.26 m/s, p=0.03) respectively. On logistic regression analysis, higher gestational age and lower MPA systolic Vmax predicted ductal closure in this group. On the contrary, the non-responders in the late treatment group were characterized by lower systolic (54.50 ± 10.59 vs. 49.28 ± 6.17 mmHg, p=0.04) and mean blood pressures (37.71 ± 6.87 vs. 32.19 ± 6.67 mmHg, p=0.01), but without any differential Doppler abnormalities. 

Conclusions: Higher gestational age and lower MPA systolic Vmax predicted ductal closure. 
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1. INTRODUCTION 

Patent ductus arteriosus (PDA) is the most common cardiac condition in preterm infants. Managing a hemodynamically significant patent ductus arteriosus (HsPDA) remains challenging for extremely low gestational age newborns (ELGANs). While most PDAs spontaneously close within the first week of life, over 50% of very-low-birth-weight infants may have persistent ductal patency.1 HsPDA is especially prevalent in those born before 28 weeks of gestation, with an incidence as high as 80%.2

The hemodynamic effect of HsPDA can be attributed to pulmonary over circulation and systemic hypoperfusion, leading to complications such as respiratory distress, pulmonary edema, congestive cardiac failure, and renal impairment. Pulmonary hemorrhage, especially in ELGAN, can have devastating complications. The long-term consequences of prolonged ventilatory requirement include bronchopulmonary dysplasia, bronchopulmonary dysplasia-associated pulmonary hypertension, mortality, and possibly neurodevelopmental impairment.3-5 The association between PDA and mortality remains a topic of controversy.3,6 A balanced approach combining conservative and targeted treatment of HsPDA, especially in extremely premature infants, is necessary to address the long-term implications of HsPDA.
Non-steroidal anti-inflammatory drugs (NSAIDs) such as indomethacin and ibuprofen have traditionally been used to treat HsPDA. However, they can cause severe gastrointestinal side effects like necrotizing enterocolitis (NEC) and intestinal perforation, which contribute significantly to morbidity and mortality in ELGAN. Recently, acetaminophen has been considered due to its safer profile.7,8 Studies indicate that acetaminophen is comparably effective in promoting the closure of HsPDA, especially in older gestational-age infants, while presenting fewer gastrointestinal side effects such as bleeding and necrotizing enterocolitis.9,10 The estimated efficacy of acetaminophen in achieving PDA closure ranges from 56% to 72%.11

Acetaminophen, a prostaglandin H2 synthase inhibitor, is used as the first-line treatment or when indomethacin or ibuprofen are contraindicated. However, its efficacy, optimal dosage, and administration route in preterm neonates remain unclear.12 The response to these drugs can vary due to factors like gestational age, ductal size, administration method, and therapy duration.13 There is increasing awareness of clinical and echocardiographic predictors of ductal response.14
In our unit, indomethacin serves as the first-line treatment for PDA in ventilated ELGANs, with acetaminophen reserved for cases with contraindications, such as bilious gastric aspirates, severe intrauterine growth restriction with abnormal Doppler findings, thrombocytopenia, and significant coagulopathy.
We aimed to study the impact of hemodynamics on the effectiveness of acetaminophen in managing HsPDA in high-risk ELGANs. We analyzed clinical and echocardiographic parameters to identify predictors of successful therapy, hypothesizing that abnormal cardiac function might impair the ductal response to medication, and that echocardiographic parameters might predict poor responders. 


2. material and methods 

This is a single-center retrospective medical audit on ELGAN with hemodynamically significant patent ductus arteriosus (HsPDA) treated with acetaminophen between February 1, 2021, and October 31, 2024, at the tertiary Neonatal Intensive Care Unit (NICU) in Singapore.

Infants born at less than 28 weeks gestation required treatment for HsPDA and received acetaminophen were included in the study. Infants with significant congenital or cardiac anomalies were excluded from the study. The clinical audit was conducted retrospectively, with early treatment defined as acetaminophen therapy initiated within the first two weeks of life. The dosage of intravenous (IV) acetaminophen administered was 15 mg/kg body weight every 6 hours, given over five days. The decision to use acetaminophen was made by the treating physician based on clinical indications, and when contraindications to indomethacin were present, such as severe coagulopathy, thrombocytopenia, or abdominal distension and bilious gastric aspirates. Late treatment (>2 weeks) was reserved for infants whose HsPDA failed to respond to indomethacin or ibuprofen therapy.
As per our unit's protocol, all high-risk infants with birth weight ≤800g and or ≤27 weeks gestational age on invasive ventilation will have an echocardiogram at 12–24h of age. Hemodynamically significant PDA was defined based on multiple criteria on echocardiogram, such as ductal size greater than 1.6mm, unrestricted ductal flow pattern, a left atrial to the aortic ratio (La/Ao) greater than 1.6, absent/reverse diastolic flow in the descending aorta or abdominal vessels. The radiological evidence of cardiomegaly and pulmonary edema were included as an indicator of HsPDA. Clinical data pertaining to both maternal and infant factors were collected from medical records. The clinical and echocardiographic parameters were then compared between ductal responders, treatment failures, and the early and late therapy groups.

Echocardiographic parameters recorded included ductal size at the pulmonary end, ductal shunt pattern, degree of left atrial and ventricular dilatation, maximal systolic and diastolic shunt velocity, left ventricular internal diameter (end-systolic and diastolic), left ventricular ejection fraction, and fractional shortening. We also measured the main pulmonary artery (MPA) and the Doppler velocities of the ascending and descending aorta. All the echocardiographic scans were done as part of clinical management using a GE vivo S6 machine (GE Medical, Milwaukee, USA) with 7MHz and 10 MHz probes and independently reported by a pediatric cardiologist.

The study data was collected without patient identifiers, centralized institute review board (CIRB) exempts the informed consent for data collection under clinical audit.

Data analysis:
The continuous variables were analyzed with student T test and Mann-Whitney U test. The binary logistic regression (multivariate) analysis was used to predict the predictors of successful ductal closure. The data was analyzed with IBM SPSS statistics (Version 26), and a two-sided p-value <0.05 was considered statistically significant.


3. results and discussion

A total of 116 infants received acetaminophen therapy for PDA during the study period. Seventy infants received early therapy for HsPDA. Successful PDA closure was observed in 21 infants (30%) in early paracetamol group. The group with closed PDA had higher gestational age (27.11±1.44 vs. 25.73±1.19weeks, p= 0.001). The birth weight difference was not statistically significant (817.14±254.232g vs 767.86±173.898g, p=0.4). There was a higher incidence of maternal pre-eclampsia (18% vs. 7%, 95% CI-0.08-0.75, p=0.01) and SGA (38% vs. 14%, 95% CI 0.08-0.98, p= 0.02) in closed PDA group. A higher number of infants in persistent PDA received surfactant therapy (90% vs 100%,95% CI 2.4-5.2, p=0.02). The incidence of moderate to severe RDS was not significant between the groups (62% vs. 53%, p= 0.4). Twenty-three infants (47%) required surgical PDA ligation among persistent PDA groups. Table 1 shows the demographic data of early treatment groups.



Figure 1. study flow chart.

Table 1. Clinical demographics for early acetaminophen therapy.
	
	PDA closed (n=21)
	Persistent PDA (n=49)
	P

	Gestational age, mean±SD, weeks
	27.11±1.44
	25.73±1.19
	0.001

	Birthweight,mean±SD,grams
	817.14±254.232
	767.86±173.898
	0.4

	Sex, male, n(%)
	13(62)
	25(51)
	0.4

	Vaginal delivery, n(%)
	4(20)
	14(29)
	0.4

	Apgar 5 minutes, mean±SD
	6.86±2.2
	7.41±1.54
	0.3

	Pre-eclampsia, n(%)
	[bookmark: _Hlk198714445]10 (47)
	9 (18)
	[bookmark: _Hlk198714513]0.01(95 CI-0.08-0.75)

	Chorioamnionitis, n(%)
	4(20)
	15(30)
	0.3

	SGA, n(%)
	8 (38)
	7(14)
	[bookmark: _Hlk198714530]0.02 (95 CI 0.08-0.98)

	Antenatal steroids, n(%)
	13(62)
	32(65)
	0.7

	Maternal sepsis, n(%)
	4(20)
	4(8)
	0.1

	Early onset sepsis, n(%)
	7(33)
	13(26)
	0.5

	Moderate to severe RDS, n(%)
	13 (62)
	26 (53)
	0.4

	Surfactant therapy, n(%)
	19 (90)
	49 (100)
	[bookmark: _Hlk198714620]0.02 (95 CI 2.4-5.2)

	Inotropes use, n(%)
	10(48)
	17(35)
	0.3

	LA/LV dilatation, n(%)
	15(71)
	35(71)
	0.8

	PDA Ligated, n(%)
	2(10)
	23(47)
	0.003 (95 CI 1.5-40)

	Clinical signs present, n(%)
	9(43)
	23(47)
	0.7

	SBP, mean±SD,mmHg
	48.57±5.65
	48.53±7.13
	0.9

	DBP, mean±SD,mmHg
	26.33±4.70
	27.65±5.13
	0.3

	MAP, mean±SD,mmHg
	33.48±5.16
	34.22±6.12
	0.6

	Day of treatment,mean±SD, weeks
	5.57±3.09
	5.96±3.52
	0.6


SGA-small for gestational age, RDS- respiratory distress syndrome, LA/LV- Left atrium/Left ventricle, PDA-patent ductus arteriosus, SBP- systolic blood pressure, DBP- diastolic blood pressure, MAP- mean arterial pressure


The echocardiographic parameters among closed PDA in the early treatment group showed lower pre-treatment diastolic velocities across PDA (0.36±0.17 vs. 0.51±0.30 m/s, p =0.02), lower LV end-systolic diameter (7.71±1.21vs 8.39±1.36, p=0.04), lower MPA velocity (0.66±0.17m/s vs 0.83±0.26m/s, p=0.003), ascending aorta (0.82±0.21m/s vs 0.95±0.26m/s p=0.03) and descending aorta velocity (0.88±0.19m/s vs 1.10±0.28m/s, p=0.001) compared to persistent PDA group. The details of echo parameters are shown in Table 3. On logistic regression analysis, higher gestational age and lower MPA systolic Vmax predicted ductal closure among the early acetaminophen group (Table 4).

Table 2: Clinical demographics for late acetaminophen therapy.

	
	Closed (n=14)
	Not closed (32)
	p

	Gestational age, mean±SD,weeks
	[bookmark: _Hlk198715480]26.957±2.48
	[bookmark: _Hlk198715533]25.603±1.67
	0.07

	[bookmark: _Hlk198715579]Birthweight, mean±SD,grams
	[bookmark: _Hlk198715555]907.36±400.61
	774.53±237.40
	0.2

	Sex, male, n(%)
	11(79)
	16(50)
	0.07

	Vaginal delivery, n(%)
	4(29)
	11(34)
	0.6

	Apgar 5 minutes, mean±SD
	7.5±1.34
	7.63±1.65
	0.7

	Pre-eclampsia, n(%)
	2(14)
	4(12)
	0.8

	Chorioamnionitis, n(%)
	4(29)
	9(28)
	0.9

	SGA, n(%)
	1(7)
	4(12)
	0.5

	Antenatal steroids, n(%)
	9(64)
	20(63)
	0.9

	Maternal sepsis, n(%)
	3(21)
	2(6)
	0.1

	Early onset sepsis, n(%)
	3(21)
	4(12)
	0.4

	Moderate to severe RDS, n(%)
	8(57)
	11(34)
	0.1

	Surfactant therapy, n(%)
	14(100)
	31(97)
	0.5

	Inotropes use, n(%)
	2(14)
	6(19)
	0.7

	LA/LV dilatation, n(%)
	12(86)
	27(84)
	0.9

	PDA Ligated, n(%)
	0(0)
	15(47)
	0.002 (95 CI 0.39-0.75)

	Clinical signs, n(%)
	10(71)
	18(56)
	0.3

	[bookmark: _Hlk198715615]SBP, mean±SD,mmHg
	54.50±10.59
	49.28±6.17
	0.04

	[bookmark: _Hlk198715690]DBP, mean±SD,mmHg
	30.43±6.82
	27.28±6.92
	0.1

	[bookmark: _Hlk198715747]MBP, mean±SD,mmHg
	37.71±6.87
	32.19±6.67
	0.01

	Day of treatment, mean±SD
	26.79±11.9
	27.97±9.9
	0.9

	Previous COX Rx, n(%)
	6(43)
	17(53)
	0.5


SGA-small for gestational age, RDS- respiratory distress syndrome, LA/LV- Left atrium/Left ventricle, SBP- systolic blood pressure, DBP- diastolic blood pressure, MAP- mean arterial pressure, COX Rx- cyclo-oxygenase inhibitor therapy.


Table 3: Echocardiographic parameters in both early and late acetaminophen therapy.

	Early therapy
	Closed PDA
(n= 21)
	Persistent PDA (n=49)
	p

	Pre-treatment PDA size, mean±SD,mm
	2.7045±0.49
	2.54±0.52
	0.2

	Pre-treatment systolic Vmax, mean±SD, m/s
	1.01±0.48
	1.34±0.76
	0.06

	Pre-treatment Diastolic Vmax, mean±SD, m/s
	[bookmark: _Hlk198715166]0.36±0.17
	[bookmark: _Hlk198715186]0.51±0.30
	0.02

	LVIDd, mean±SD
	12.01±1.88
	12.83±2.12
	0.1

	[bookmark: _Hlk198715215]LVIDs, mean±SD
	7.71±1.21
	[bookmark: _Hlk198715231]8.39±1.36
	0.04

	LV EF, mean±SD,%
	69.42±6.20
	67.63±5.79
	0.26

	[bookmark: _Hlk198715252]MPA Vmax, mean±SD, m/s
	0.66±0.17
	[bookmark: _Hlk198715266]0.83±0.26
	0.003

	Asc Ao Vmax, mean±SD, mean±SD, m/s
	[bookmark: _Hlk198715299]0.82±0.21
	[bookmark: _Hlk198715313]0.95±0.26
	0.03

	Desc Ao Vmax, mean±SD,m/s
	[bookmark: _Hlk198715341]0.88±0.19
	[bookmark: _Hlk198715361]1.10±0.28
	0.001

	FS, mean±SD,%
	35.75±4.98
	34.40±4.59
	0.29

	Late therapy
	
	
	

	Pre-treatment PDA size, mean±SD, mm
	2.2521±0.48
	2.50±0.61
	0.1

	Pre-treatment systolic V max, mean±SD,m/s
	1.5478±0.67
	1.6921±0.81
	0.6

	Pre-treatment D Vmax, mean±SD,m/s
	0.67±0.36
	0.51±0.34
	0.2

	LVIDd,mm mean±SD
	15.28±4.12
	14.71±3.0
	0.68

	LVIDs,mm mean±SD
	10.04±2.88
	9.21±2.26
	0.40

	LV EF, mean±SD,%
	66.95±7.33
	71.17±8.53
	0.14

	MPA Vmax, mean±SD,m/s
	0.89±0.29
	1.08±0.29
	0.11

	ASC Ao Vmax, mean±SD,m/s
	1.05±0.31
	1.17±0.24
	0.31

	Desc Ao Vmax, mean±SD,m/s
	1.15±0.40
	1.28±0.38
	0.39

	FS, mean±SD,%
	34.33±5.31
	37.80±7.11
	0.11


LVIDd- left ventricular internal diameter in end diastole, LVIDs- left ventricular internal diameter in end systole, LVEF- left ventricle ejection fraction, MPA Vmax- main pulmonary artery maximum velocity, Asc Ao Vmax- ascending aorta maximum velocity, Desc Ao Vmax- descending aorta maximum velocity, FS- fractional shortening

Table 4; Regression analysis in early and late therapy group.

	
	Odds ratio
	95% CI
	P value

	Early Therapy
	
	
	

	Gestational age
	1.7
	1.3-2.3
	0.001

	Small for gestational age
	0.8
	0.3-2.8
	0.6

	MPA Vmax
	2.9
	2.02-5.55
	0.01

	LVIDs
	1.5
	1.08-2.34
	0.057

	Late Therapy 
	
	
	

	Gestational age
	0.8
	0.54-1.12
	0.2

	SBP
	1.10
	0.8-1.1
	0.8

	DBP
	1.04
	0.7-1.08
	0.6

	MAP
	0.87
	0.7-1.8
	0.2


MPA- main pulmonary artery, LVIDs- end systolic internal diameter, SBP- systolic blood pressure, DBP- diastolic blood pressure, MAP- mean arterial pressure


In our study, 46 infants received late acetaminophen. The PDA closure was observed in 14 infants (30%). The closed PDA group had marginally higher gestational age (26.957±2.48 vs 25.603±1.67weeks, p=0.07) and higher birth weight (907.36±400.61g vs 774.53±237.40g, p=0.2) but this was not statistically significant. 23(50%) infants in the late group received prior indomethacin prior to the acetaminophen course. The rest of the maternal and infant characteristics were not significant between the study groups and later therapy groups. The systolic blood pressure (49.28±6.17mmHg vs. 54.50±10.59mmHg, p=0.04), diastolic blood pressure (27.28±6.92 vs. 30.43±6.82mmHg, p=0.1) and mean blood pressure (32.19±6.67 vs. 37.71±6.87mmHg, p= 0.01) were lower among the group with failed medical therapy (Table 2). The echocardiogram data and Doppler parameters among the late acetaminophen group did not show any difference between the study groups (Table 3). The gestational age, systolic, and mean blood pressure were not significant in the logistic regression analysis (Table 4).

One infant in our study cohort had transient transaminitis, and 2 had transient renal impairment in the early acetaminophen group. There were no cases of gastrointestinal side effects in our cohort. The transaminitis were resolved on subsequent liver function tests. One infant died in the early acetaminophen group. The cause of death was unrelated to PDA.

Limitations 

Our study findings are limited by smaller sample size from a single centre. The inclusion of high-risk ELGAN is a selection bias which may limit the generalizability of our findings. This was a non-randomised study and the lack of uniformity on echo scan days in late paracetamol cohort makes interpretation of Doppler indices difficult. The strong influence of gestational age, SGA on ductal closure must be taken into consideration and needs to be verified in a larger cohort of infants.  However this study adds the value of hemodynamic assessment and its predictive ability in treatment reponse in hemodynamically significant PDA. 


4. Conclusion

Cardiac functional changes representing volume overload, higher shunt volume may influence the effectiveness of acetaminophen in patent ductus arteriosus. Acetaminophen shows limited efficacy in promoting PDA closure among high-risk extremely low gestational age newborns. Ductal response can be predicted by higher gestational age, small for gestational age, and lower MPA velocity in early therapy with acetaminophen. Future prospective larger sample studies are necessary to validate the hemodynamic influence on ductal response and predictors of the treatment success. 
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Early Acetaminophen (≤14days) n=70


PDA closed (n=21)


Late Acetaminophen (>14days) n=46


PDA closed (n=14)


Persistent PDA (n=49)


Persistent PDA (n=32)


116 infants treated with IV Acetaminophen


