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Ibuprofen treatment for patent ductus arteriosus in 
preterm infants: a retrospective cohort study in a 
leading Chinese center
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Abstract

Objective There is a dilemma of ibuprofen treatment with patent ductus 
arteriosus (PDA) as to how and when to treat. We aimed to clarify 
this issue in very preterm infants (VPIs; < 32 weeks). Methods: This 
retrospective study included 1 659 VPIs who were diagnosed with 
PDA according to echocardiographic examinations and cardiovascular 
dysfunction scoring system (the CVD scoring). The VPIs were classified 
into six groups (A1, A2, A3, B1, B2, and B3) based on CVD scores (A, < 
3, and B, ≥ 3), and treatment with ibuprofen for PDA (1, conservational 
management; 2, early ibuprofen treatment; and 3, late ibuprofen 
treatment). Treatment was stopped when PDA was closed, CVD score 
was zero or PDA needed ligation. Results: VPIs with CVD scores < 3 
had most PDA closure without surgery, and early ibuprofen treatment did 
not significantly affect PDA closure. VPIs with CVD scores ≥ 3 had some 
PDA closure after 2 courses of treatment, but closure rates decreased 
linearly with ibuprofen course (1st 75.2%, 2nd 62.3%, 3rd 50.0%, P < 
0.0001), and early ibuprofen treatment (group B2) did not increase 
PDA closure compared to late ibuprofen treatment (group B3). In these 
same infants, the longer they were in CVD scores ≥ 3, the more the 
complications of preterm were increased (retinopathy of prematurity ROP 
1st 16.5%, 2nd 23.8%, 3rd 29.6%, P = 0.016; bronchopulmonary dysplasia 
BPD 1st 15.5%, 2nd 26.7%, 3rd 33.8%, P < 0.0001; intraventricular 
hemorrhage IVH 1st 20.4%, 2nd 32.4%, 3rd 23.8%, P = 0.015). Conclusion: 
Ibuprofen is suggested for PDA closure when the PDA reopens or has 
developed into the stage when the CVD score ≥ 3. 
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What is already known 

The presence of PDA is often associated with various morbidity 
in small preterm infant. However, the assessment of PDA 
shunt often requires serial echocardiogram. The pediatrician 
and neonatologist in practice for whom these measurements 
are not constantly available must rely on clinical evaluation for 
management. This is a very common practice in underdeveloped 
and developing countries.

What this study adds

The CVD scoring is a simple, easy-to-assess clinical features that 
can be used by family practitioner, general pediatrician, nursing 
practitioner and medical personnel for taking care critical patients. 
This work demonstrated that infant with a low CVD score (the 
cardiovascular distress of PDA < 3) had better outcomes, in terms 
of BPD, IVH and ROP. We believe that these important findings 
can be used as an adjunct in the evaluation and management of 
PDA when constant echocardiograms are not available. 
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Objective

The patency of ductus arteriosus is essential for maintaining 
fetal circulation. The ductus arteriosus usually closes between 
18 and 24 hours after birth in full-term infants but not in preterm 
neonates[1-2]. The presence of left to right shunting via the 
ductus may cause hemodynamic changes and respiratory 
distress[1, 3-4], which may affect the immediate and long term 
outcomes[5] . The continuous changes of the existing underlying 
lung pathology of respiratory distress syndrome (RDS) along with 
the ductus hemodynamics will make the clinical condition further 
complicated[6-8]. Therefore, in preterm infants with sustained 
patent ductus arteriosus (PDA), strategies for closing the ductus 
are needed. One such strategy is administration of ibuprofen. 
However, the optimal intervention time with ibuprofen remains yet 
to be determined for very preterm infants (VPI)[1, 9-11]. Therefore, 
we conducted the leading center study of VPIs to evaluate the 
PDA outcomes in VPIs, using the Cardiovascular Dysfunction 
Scoring System (CVD score)[12] as a tool to help determine the 
optimal regimen and intervention time for ibuprofen in a Chinese 
cohort of 2 617 VPIs.

Methods

Study design

This retrospective cohort study included 2 617 consecutive 
VPIs admitted into the Neonatal Intensive Care Unit (NICU) of 
the Seventh Medical Center of PLA General Hospital between 
January 1, 2015 and December 31, 2018. 

VPIs were assessed for severity of hemodynamic disorders using 
a scoring system (the CVD scoring) as previously described 
by Yeh et al[13]. The total score was obtained by adding the 
separate scores for each of the 5 criteria: heart rate (0, < 160/
min; 1, 160 - 180/min; and 2, > 180/min); duration of murmur (0, 
normal; 1, systolic; and 2, murmur continuing to diastole); quality 
of peripheral arterial pulsation (0, normal; 1, bounding brachial; 
and 2, bounding brachial and dorsalis pedis); and degree of 
precordial pulsation (0, none; 1, palpable; and 2, visible). These 
criteria were assessed and recorded in our NICU sheet as routine 
practice. CVD score has been shown to be well correlated with 
ductal shunt as demonstrated by echocardiogram(14)(citations 
and references). Infant with a CVD score ≥ 3, 91% of infant was 
associated with left atrium/aortic root (LA/Ao) ratio ≥ 1.3 and left 
ventricle end diastolic diameter (LVEDD) ≥ 1.35 cm/Kg, indicating 
a significant ductal shunt[14].

Inclusion and exclusion criteria

The inclusion criteria for the present study were: (1) infant 

with gestational age of < 32-weeks infants; (2) with diagnosed 
ultrasonical ly with PDA, regardless of the presence of 
hemodynamic changes. The exclusion criteria were (1) congenital 
anomalies, including other associated congenital heart diseases; 
(2) lethal cardiopulmonary status or infection at time of PDA 
diagnosis.

Diagnostic criteria and definitions for variables

PDA diagnosis criteria included [2, 15] echocardiography 
diagnostic standards[15], and conclusive presence of PDA 
was ensured by bedside ultrasonic examination (Acclarix LX8) 
during the first 3 days of postnatal life. The result of ultrasonic 
examination was confirmed by an ultrasound doctor and a 
pediatric cardiologist.

CVD score [12] of the VPIs included in the present study was 
determined according to their symptoms and divided into two 
categories (≥ 3 and < 3) to reflect the extent of significant ductal 
shunt. Briefly, CVD score < 3 indicates an obvious presence of 
PDA and a likelihood of murmur, precordial pulsation, or full pulse, 
and a CVD score ≥ 3 indicates symptomatic PDA, which might 
have poor clinical significance. Related symptoms of PDA include 
sustained dependence on the ventilator, worsening respiration, 
increased recurrent apnea, and hypotension resulting from 
pulmonary hemorrhage, with pulmonary hemorrhage being the 
most specific clinical manifestation. 

The diagnosis criteria for bronchopulmonary dysplasia (BPD)[16], 
intraventricular hemorrhage (IVH)[17], necrotizing enterocolitis 
(NEC)[18] and retinopathy of prematurity (ROP)[19] were 
consistent with previous reports.

Grouping

Based on CVD scores, the infants were divided into two 
groups[12]: Group-A: with a CVD score < 3; and Group-B: with 
a CVD score ≥ 3. The infants in each group were further divided 
into 3 subgroups[2] based on, conservative management only, 
early ibuprofen therapy given within 24 hours after failure to 
conservative management, and  late ibuprofen therapy(giving at ≥ 
24 hours after failure to conservative management). As such, the 
participants were classified into six groups: A1, A2, A3, B1, B2, 
and B3.

Medical treatment

All infants were managed following a protocol currently used in 
our NICU. The protocol essentially followed the recommendation 
from European Consensus with mild modification[20]. The protocol 
focused essentially on respiratory care guideline, fluid and 
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nutritional intake, indication for antibiotics administration, time for 
brain ultrasonography and eye ground examination. All infants with 
respiratory distress were given a trial of CPAP with appropriate 
FIO2 and pressure to maintain O2 saturation at 90-95%. The 
infant was intubated, and surfactant was administered if the infant 
failed to CPAP or required FIO2>0.6 or with severe retraction. 
Respiratory set up was adjusted appropriately to maintain O2 
saturation between 90~95%. Once the infant could tolerate 
FIO2≥0.3 through SIMV, weaning process was speeded up. All 
infant with PDA received a 24 hours of conservative management, 
including a restriction fluid intake to 80-100 ml/kg/day, maintenance 
of hematocrit values≥35%, and adjustment of ventilator set-up 
to maintain appropriate blood gases and acid-base balance, and 
maintenance of normal electrolytes and of serum Ca≥7.5 mg/dl[14]. 
In spite of the conservative management, if the infant continuously 
had the ductal murmur, oral administration of ibuprofen was started 
(10 mg/kg initially, then 5 mg/kg every 24 hours for a maximum of 3 
courses or 9 doses). The loading dose for ibuprofen administration 
was 10 mg/kg, followed by two doses of 5 mg/kg administered 
every 24 hours as a course. Since previous studies showed that 
oral ibuprofen may confer equal or improved efficacy of PDA 
closure compared to intravenous administration[21], ibuprofen was 
administered orally in this study.

Primary outcomes

The primary outcomes were two-fold: to determine the optimal 
timing of ibuprofen use and the incidence of PDA closure in those 
with early vs late ibuprofen use, and to assess the use of CVD 
score in predicting the value of patient selection and the incidence 
of PDA closure after ibuprofen use in those with high vs low CVD 
score.

Secondary outcomes

The secondary outcomes were incidences of preterm complications, 
including BPD, ROP, IVH, NEC and death.

Statistical analysis

Continuous variables were compared with t-test and chi-square 
test, and likelihood ratio or Fisher’s exact tests were used for 
categorical variables. For relevance analysis, Mantel-Haenszel 
statistics were applied. Data were analyzed with SPSS20.0, and 
P < 0.05 was considered statistically significant. 
 

Results 

Incidence of PDA

Among the 2 617 VPIs, 1 659 were diagnosed with PDA (63.4%). 

The incidence of PDA decreased with increased GA and birth 
weight. 

Spontaneous closure of PDA

The incidences of spontaneous PDA closure for VPIs with CVD 
scores < 3 (n = 1019) were 73.1% (559/765). However, the 
patients whose CVD scores were ≥ 3 (n = 640) had 6.7% (2/30) 
incidence rate of spontaneous closure of PDA of (Figure 1).  

Ibuprofen treatment 

Among VPIs whose CVD scores were < 3, the rates of PDA closure 
were 86.1%, 91.3%, and 73.9% after 1st, 2nd and 3rd course of 
ibuprofen, respectively. Among patients whose CVD scores were ≥ 
3, the rates of PDA closure were 75.2%, 62.3% and 50% after 1st, 
2nd and 3rd course of ibuprofen, respectively (Table 1). 

Outcomes between patients with CVD score < 3 and ≥ 3

Clinical Outcomes: The time to PDA closure among infants in the 
group with CVD scores < 3 (group A) was shorter compared to 
that with CVD score (group B) ≥ 3(10.8 ± 0.8d vs 14.5 ± 1.4d, P 
< 0.0001), and the DA diameter in infants with CVD scores < 3 
was smaller compared to that in those with CVD scores ≥ 3 (2.2 
± 0.5mm vs 2.4 ± 0.6mm, P < 0.0001). Moreover, the incidences 
of RDS (66.8% vs 83.5%, P < 0.0001), BPD (8.9% vs 22.4%, P 
< 0.0001), ROP (7.7% vs 20.7%, P < 0.0001), and IVH (17.4% 
vs 25%, P < 0.0001) were lower in infants with CVD scores < 3 
compared to those with CVD scores ≥ 3(Table 1). 

Rate of Surgery: The rates of surgery (PDA ligation) in the groups 
with CVD scores ≥ 3 (16.5%), whereas none of the patients with 
CVD scores < 3 received surgery (Table 1). 

Clinical outcomes according to CVD scores ≥ 3

IIncidence of PDA Closure: According to Figure 1 and Table 2, in 
patients with initial CVD scores ≥ 3, the rates of PDA closure in 
the conservational management (B1) group were only 6.7%, being 
significantly different from 69.8% in the ibuprofen intervention 
groups (P < 0.0001). 

PDA closure and cl inical outcomes are associated with 
intervention timing of ibuprofen: The incidence rate of PDA 
closure in the early ibuprofen treatment group B2 was significantly 
different from that in the late ibuprofen treatment group B3 (16.7% 
vs 70.9%, P < 0.0001), but the differences of incidence rates of 
BPD (25% vs 19.9%, P = 0.442), IVH (33.3% vs 23.7%, P = 0.318), 
ROP (41.7% vs 19.4%, P = 0.056) and NEC (0 vs 1.3%) between 
the two groups did not reach statistical significance (Table 2).
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Rate of Surgery: According to Table 2, the rates of surgery in the 
B2 and B3 groups were 12.6%, which were significantly different 
from 86.6% in the conservational management group B1 (P < 
0.000 1). However, the surgery rate in B2 was numerically, but not 
statistically, higher than that in B3 (33.3% vs 12.2%, P = 0.053). 

Clinical outcomes according to the course of treatment: The rates 
of PDA closure in B3 decreased linearly with increasing course of 
ibuprofen (1st course vs 2nd course vs 3rd course: 76.4% vs 63.3% 
vs 50.7%, χ2 = 9.632, P < 0.000 1). In sharp contrast, the rates 
of NRDS (1st course vs 2nd course vs 3rd course: 79.9% vs 89.3% 
vs 90.1%, χ2=6.920, P =0.012), ROP (1st course vs 2nd course 3rd 
course: 16.5% vs 23.8% vs 29.6%, χ2= 6.978, P =0.016), and BPD 
(1st course vs 2nd course vs 3rd course: 15.5% vs 26.7% vs 33.8%, 
χ2=18.390, P < 0.000 1) increased linearly with increasing course 
of ibuprofen treatment. The rates of IVH (1st course vs 2nd course 

vs 3rd course: 20.4% vs 32.4% vs 23.8%, χ2 = 7.071, P =0.015) 
and surgical treatment (1st course vs 2nd course vs 3rd course: 8.6% 
vs 27% vs 16.9%, χ2 =10.721, P <0.000 1) were independent of 
the course of ibuprofen (Table 3).

Discussion

It has been reported that around 25% to 59% of VPIs or very low 
birth weight infants have PDA that fail to spontaneously close[1, 
5, 22]. In this large cohort study, we found that the incidence of 
PDA in VPIs was 63.4%. Our study differs from published studies 
in that we applied the CVD scoring to stratify the possibility of 
spontaneous PDA closure. Specifically, we found that VPIs with 
CVD scores consistently < 3 had higher rates of spontaneous 
PDA closure which requires conservative management instead 
of ibuprofen interventions. However, VPIs with CVD scores 

Figure 1. Study flow diagram 
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Variables

PDA

χ2/ t P valueCVD < 3 CVD ≥ 3

n = 1019 n = 640

Surgery(PDA ligation )(n/%) 0 16.5 - -

PDA closure (n/%) 75.0(772) 66.5(426) 16.201 <0.0001

1st course of ibuprofen (n/%) 86.1(179) 75.2(313) 9.439 0.002

2nd course of ibuprofen (n/%) 91.3(21) 62.3(76) 1.136 0.287

3rd course of ibuprofen (n/%) 73.9(17) 50.0(36) 4.041 0.044

RDS (n/%) 66.8(679) 83.5(533) 56.219 < 0.0001

ROP (n/%) 7.7(77) 20.7(131) 59.941 <0.0001

IVH (n/%) 17.4(179) 25(159) 12.881 <0.0001

NEC (n/%) 1.1(10) 1.2(8) 0.264 0.607

BPD (n/%) 8.9(90) 22.4(143) 59.539 <0.0001

Death (n/%) 8.8(75) 6.8(41) 0.538 0.463

PDA closure time (d) 10.8±0.8 14.5±1.4 7.015 <0.0001

PDA diameter (mm) 2.2±0.5 2.4±0.6 6.280 <0.0001

Ibuprofen (n/%) 24.9(254) 95.3(610) 779.560 < 0.0001

Ibuprofen after 24h (n/%) 66.5(169) 98.1(598) 178.508 <0.0001

BPD, pulmonary dysplasia; ROP, retinopathy of prematurity; IVH. intraventricular hemorrhage; NEC, Necrotizing enterocolitis.

Table 1. Clinical outcomes according to CVD scores 

Variables
CVD ≥ 3

B1 vs B2 B1 vs B3 B2 vs B3 B2+B3 vs B1

PDA ligation (%)
<0.0001 <0.0001 0.053 <0.0001

(96.7 vs 33.3) (96.7 vs 12.2) (33.3 vs 12.2) (12.6 vs 86.6)

PDA closure (%)
0.192 <0.0001 <0.001 <0.0001

(6.7 vs 16.7) (6.7 vs 70.9) (16.7 vs 70.9) (69.8 vs 6.7)

ROP (%)
0.730 0.048 0.056 0.057

(34.5 vs 41.7) (34.5 vs 19.4) (41.7 vs 19.4) (19.9 vs 34.5)

IVH (%)
0.729 0.010 0.318 0.11

(44.8 vs 33.3) (44.8 vs 23.7) (33.3 vs 23.7) (23.9 vs 44.8)

NEC (%)
- - - -

(0 vs 0) (0 vs 0) (0 vs 1.3) (1.3 vs 0)

BPD (%)
0.005 <0.0001 0.442 <0.0001

(72.4 vs 25) (72.4 vs 19.9) (25 vs 19.9) (20.0 vs 72.4)

Death (%)
1.000 0.947 0.551 1.000

(6.7 vs 8.3) (6.7 vs 6.4) (8.3 vs 6.4) (6.4 vs 6.7)

PDA
closure time (d)

0.307 0.028 0.554 0.026

(19.2±6.2 vs 11.4±0.2) (19.2±6.2 vs 14.3±1.1) (11.4±0.2 vs 14.3±1.1) (19.2±6.2 vs 14.3±1.1) 

PDA
diameter (mm)

0.622 0.612 0.463 0.625

(2.4±0.5 vs 2.5±0.5) (2.4±0.5 vs 2.3±0.7) (2.5±0.5 vs 2.4±0.7)) (2.4±0.5 vs 2.3±0.7)

Table 2. Clinical outcomes according to CVD scores ≥ 3

BPD, pulmonary dysplasia; ROP, retinopathy of prematurity; IVH, intraventricular hemorrhage; NEC, Necrotizing enterocolitis.
B1, non-ibuprofen intervention; B2, ibuprofen intervention was conducted within 24 h; B3, ibuprofen intervention was conducted after 24h; B2+B3, ibuprofen 
intervention
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Table 3. Clinical outcomes according to ibuprofen course and intervention timing

CVD score
Time

Course

≥3

B2 (<24h) B3 (≥24h)

1 2 ≥3 P 1 2 ≥3 P

Antenatal 66.7 50 0 - 37.0 39.7 39.4 0.828

Corticosteroid (%)

NRDS (%) 66.7 100 100 0.513 79.9 89.3 90.1 0.012

Pneumonia (%) 77.8 100 0 - 29.5 46.7 31.0 0.002

Closure (%) 22.2 0 0 - 76.4 63.3 50.7 < 0.0001

Ligation (%) 33.3 50.0 0 - 8.6 27 16.9 < 0.0001

ROP (%) 44.4 50 0 - 16.5 23.8 29.6 0.016

IVH (%) 11.1 10.0 1 0.018 20.4 32.4 23.8 0.015

NEC (%) 0 0 0 - 1.7 0.8 0 -

BPD (%) 33.3 - - - 15.5 26.7 33.8 < 0.0001

Death (%) 11.1 - - - 6.9 5.0 5.6 0.743

RDS, respiratory distress syndrome; BPD, pulmonary dysplasia; ROP, retinopathy of prematurity; IVH, intraventricular hemorrhage; NEC, Necrotizing 
enterocolitis.
B2, ibuprofen intervention was conducted within 24 h; B3, ibuprofen intervention was conducted after 24h

consistently ≥ 3 were more likely to develop significant ductal 
shunt, and intervention with ibuprofen may be indicated. These 
results highlight the potential importance of applying the CVD 
score to predict PDA closure rate in VPIs, particularly when 
hemodynamic assessments are unavailable.

Administration of ibuprofen to neonates yielded a PDA closure 
rate of 74.3%, which is consistent with the results reported by 
published data[23-24]. Interestingly, in preterm infants who carry 
many pre-natal and post-natal risks[25], the closure rate after 
administration of ibuprofen may be high. This is consistent with 
the consensus that orally administered ibuprofen can effectively 
promote the closure of PDA, reduce significant ductal shunt, and 
prevent unnecessary surgical PDA ligation as evidenced by the 
results from the studies by Ohlsson et al.[26] and Shah et al[27]. 
However, as ibuprofen might result in digestive tract or transient 
kidney injury, we sought to determine how ibuprofen can be used 
in multiple courses without increasing side effects. 

PDA closure following ibuprofen decreased with incremental 
courses of treatment. However, studies that utilized the same 
ibuprofen treatment course showed that after the third course, 
some neonates did not achieve PDA closure especially those 
with sustained CVD score ≥ 3, and the risks of IVH, ROP, and 
BPD were significantly increased[28]. These results support our 
conclusion that PDA persistence contributes to the development 
of IVH, ROP, and BPD. And in these same infants, the longer they 
suffered PDA (CVD scores ≥ 3), the more preterm complications 
they would have. We did not observe any complications related 
to transient kidney injury, which could presumably arise from oral 

administration of ibuprofen. 

Moreover, we found that administration of ibuprofen within 24h 
after conservational management showed similar incidence 
rates of BPD, ROP, NEC and IVH to those in patients treated 
with ibuprofen after 24h of conservational management. These 
results indicated little benefit of early PDA treatment at the onset 
of mild clinical signs. This is inconsistent with the findings of 
Van Overmeire et al[29] who showed that prophylactic ibuprofen 
treatment improved the PDA closure rate without significantly 
affecting the risk of IVH. Similarly, our results are also inconsistent 
with a meta-analysis showing that prophylactic ibuprofen can 
promote PDA closure and reduce complications in VPIs[28]. 
Therefore, for VPIs with PDA that self-closes, indiscriminate 
administration of ibuprofen is not recommended. Based on our 
findings, we proposed a strategy for effectively identifing neonates 
who would benefit from ibuprofen administration, which is of 
clinical significance. 

In our research, we included the CVD score as an index for 
hemodynamic PDA scoring. It should be noted that preterms who 
originally are classified with CVD scores < 3 can progress to CVD 
scores ≥ 3 after ibuprofen administration. These infants likely 
require ventilation and extensive use of furosemide, as their PDA 
may self-close. Ibuprofen is suggested for PDA closure only when 
the PDA reopens or has developed into the stage with the CVD 
score ≥ 3. Ilene et al suggest that there is little benefit of early PDA 
treatment at the onset of mild clinical signs compared to delayed 
PDA treatment until there is an onset of clear hemodynamic 
signs[8]. For CVD scores that are continuously ≥ 3, in the absence 
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of ibuprofen intervention the rate of surgical treatment to achieve 
PDA closure was as high as 86.6%, and the incidences of ROP, 
IVH, BPD, NRDS, and pneumonia also increased accordingly. 
The presence of severe clinical symptoms may hinder the ability 
of medicinal intervention to close PDA and result in an increased 
risk of complications and rate of surgical ligation. In VPIs whose 
CVD scores were ≥ 3, the closure rate with late PDA treatment (B3 
group) was greater than that in those with early PDA treatment (B2 
group). Even after 2 courses of treatment, PDA could still close 
in some VPIs. Therefore, ibuprofen can be applied under the 
guidance of the CVD score for more than 3 courses of treatment.

However, we found that the incidence of clinical outcomes, 
including BPD and ROP, were higher in neonates who received 
ibuprofen compared to those who did not. These results were 
confirmed by a recent meta-analysis that demonstrated an 
increased risk of BPD with ibuprofen compared to indomethacin 
treatment[30]. In our point of view, increased BPD in neonates 
receiving ibuprofen may be related to lower rates of receiving 
antenatal corticosteroids[25] and longer duration in the severe 
defect state. Therefore, for VPIs with an antenatal corticosteroid 
deficiency, a post-natal history of hypoxia, and a sustained CVD 
score ≥ 3, ibuprofen must be administered in a timely manner, not 
prophylactic, to promote PDA closure, improve respiration, and 
decrease risk of complications.

Survival of premature infants has increased over the past 
decades, attributing to an increase in PDA prevalence at birth[31]. 
China is one of the top five countries with relative high rate of 
preterm births accounting for approximately 12% of the global 
preterm births in 2014[31]. When navigating to the cold areas 
within China, the preterm birth rates can soar up to 18.49%. 
Moreover, Białkowski and his colleagues reported that patients 
with PDA living at high altitude are more prone to exhibit larger 
ductal diameter and higher pulmonary artery pressure[32]. As 
it happens, the majority of cold areas in China are also at high 
altitudes. The above evidence suggests that cold areas and high 
altitude are independent risk factors of decreased spontaneous 
PDA closure. Therefore, it is imperative to use objective index 
for hemodynamic PDA evaluation. The CVD scoring may be a 
significant predictor of PDA closure rate in VPIs, particularly in 
cold areas with high altitude.

This study has limitations in that it is a retrospective and included 
a relatively short median follow-up duration. In order to elucidate 
the safety and efficacy of ibuprofen in VPIs with PDA, well-
designed RCTs and multi-center relevant to severe cold area with 
high altitude are warranted. Notably, the strengths of the present 
study include a large-scale sample size and complete clinical data 
from an established database, which may have minimized the 
selection bias and information bias. Each of the criteria for CVD 

scoring was objectively and routinely assessed in infant with PDA 
in our NICU. Therefore, the changes of the scores in each infant 
with time or differences of the scores between the infants can 
reflex meaningful changes in hemodynamics. 

Conclusions

In conclusion, intervention with ibuprofen can increase the rate 
of PDA closure in selected preterm neonates, and the CVD 
scoring may be a significant predictor of PDA closure rate in VPIs, 
particularly when hemodynamic assessments are unavailable. 
Clinicians could consider using the CVD scoring as a tool to 
help determine the timing, frequency, and duration of ibuprofen 
treatment in VPI’s as a criterion for referral for surgery when 
ibuprofen is ineffective.
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