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Background: Platelet-rich thrombosis leads to the occlusion of arteries. Whether the
association between platelet count and closure of hemodynamically significant patent
ductus arteriosus (hsPDA) exists remains inconclusive. Given that neonatal platelet count
is significantly affected by infection, this study aims to evaluate the association of platelet
parameters before ibuprofen treatment with the closure of hsPDA in very low birth weight
(VLBW) infants without concurrent infection.

Methods: A retrospective study was conducted at the NICU of Shenzhen Maternity and
Child Healthcare Hospital from January 2016 to August 2020. VLBW infants diagnosed
with hsPDA, treated with oral ibuprofen and without concurrent infection were included
in this study. The platelet parameters were retrieved from the whole-blood test routinely
performed within 24 h before starting treatment of oral ibuprofen. A multiple regression
model was built to evaluate the association between platelet parameters before ibuprofen
treatment and successful closure of hsPDA.

Results: A total of 129 premature infants with hsPDA were analyzed in this study.
After oral ibuprofen treatment, successful closure of hsPDA was achieved in 70 (54.3%)
infants. The gestational age at birth and birth weight in infants with successful or failed
closure of hsPDA after ibuprofen treatment were 28.3 vs. 27.6 weeks (o = 0.016) and
1,120 vs. 960 g (p = 0.043), respectively. The rate of mechanical ventilation in infants with
successful closure of hsPDA was significantly lower compared to those with failed closure
of hsPDA, 31.4 vs. 54.2%, p = 0.014. The platelet count in infants with successful closure
of hsPDA after ibuprofen treatment was significantly higher compared to those with failed
closure of hsPDA, 212 vs. 183 (in a unit of 109/L), respectively (o = 0.024). Multivariate
logistic regression analysis showed that a higher platelet count (=181 x 109/L) before
ibuprofen treatment was independently associated with successful closure of hsPDA
[odds ratio 2.556, 95% confidence interval (1.101-5.932), p = 0.029].

Conclusion: The findings in this study suggest that a higher platelet count before
oral ibuprofen treatment may predict the probability of successful closure of hsPDA in
VLBW infants.
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INTRODUCTION

Fetal ductus arteriosus is the vascular channel between the
systemic circulation and the pulmonary circulation, supporting
the pulmonary circulation during intrauterine life. In term
infants, ductus arteriosus normally closes within 10-15h after
birth. However, the persistence of a patent ductus arteriosus
(PDA) occurs in more than 30% of premature infants (1). A small
PDA causes mild clinical symptoms, while a hemodynamically
significant PDA (hsPDA) diagnosed by echocardiography may
lead to substantial neonatal morbidities like pulmonary edema
and systemic hypoperfusion (2). Despite that there is no census
whether to close PDA (3), cyclooxygenase (COX) inhibitors
are wildly used for the treatment of hsPDA. Oral ibuprofen is
reported to be the most effective COX to close hsPDA (4). A
closure of hsPDA was achieved via contraction of smooth muscle
and formation of platelet-rich thrombosis regulated by many
factors, including oxygen sensing system, glutamate, osmolality,
prostaglandin E,, nitric oxide, and carbon monoxide (1, 5).
Recently, studies have found that platelets were also involved in
hsPDA closure. Echtler et al. found that platelets were recruited to
the luminal side of DA during its closure, and they also confirmed
thrombocytopenia or low platelet was independently associated
with failure of hsPDA closure (6). However, later studies reported
controversial findings regarding the effect of platelet level or
function on PDA and its closure (7-9). In addition, whether the
platelet level affects the closure of hsPDA by COX inhibitors is
also under dispute (7, 9-11).

Although platelets are key to the formation of thrombosis
occulting arteries, this process is subject to various mediators
such as inflammation and infection. Multiple studies show
that inflammation and infection regulate the quantity and
function of platelets (12). In inflammatory response, activated
vascular endothelia release Weibel-Palade bodies containing von
Willebrand factor, which promotes platelet recruitment (13). As
a result, the conflicting findings regarding the role of platelets
in the closure of hsPDA may be attributed to the heterogeneous
population of premature infants complicated with different
morbidities like inflammation and infection. Moreover, infection
per se can result in late ductal reopening and PDA closure failures
(14). To minimize the influence of infection on the association
between platelets and hsPDA closure, we included hsPDA infants
without concurrent infection. This study aims to assess the
association between platelet parameters and the closure of hsPDA
by ibuprofen.

MATERIALS AND METHODS

Patients and Data Collection

This retrospective study was performed at the NICU of
Affiliated Shenzhen Maternity and Child Healthcare Hospital,
Southern Medical University, from January 2016 to August
2020. Premature infants were included if (1) born with a
birth weight <1,500¢g, (2) diagnosed with hsPDA, and (3)
received ibuprofen treatment. HsPDA was diagnosed when the
ductus diameter exceeds 1.5 mm, left atrial inner diameter/aortic
root (LA/AO) exceeds 1.4, and combined left to right

shunt by echocardiography (2). We excluded infants from
pregnancies with maternal complications such as preeclampsia,
maternal autoimmune diseases, and intrauterine infection.
Infants with congenital heart diseases, fetal and neonatal
alloimmune disorders, intrauterine growth restriction (IUGR),
and concurrent infection (defined as proven or suspected
early and late onset sepsis, meningitis, pneumonia, and other
infections with clinical symptoms such as fever, abnormal white
blood cell count, elevated C-reactive protein within 7 days before
or after the Ibuprofen treatment) were also excluded from this
study. Finally, infants with ibuprofen treatment started later than
7 days of postnatal age due to fasting were also excluded.

Infants’ characteristics were collected, including gestational
age (GA), birth weight (BW), gender, mode of delivery, antenatal
glucocorticoid use, twins, APGAR scores at 1 and 5min,
and mechanical ventilation (>24h). Platelet counts (PLT),
plateletcrit (PCT), mean platelet volume (MPV), and platelet
distribution width (PDW) were retrieved from a whole blood
test routinely performed within 24 h before ibuprofen treatment
using the Mindray 5390 analyzer platform (Shenzhen, China).
The standard biosecurity and institutional safety procedures were
not relevant for the current study.

All preterm infants received echocardiography within 5 days
after birth or when clinically indicated. Infants with hsPDA
received oral ibuprofen (Shanghai Johnson Pharmaceutical Co.,
Ltd® Specification: 15 ml: 0.6 g) at a daily dose of 10 mg/(kg-day)
for 3 consecutive days (4, 15). Successful PDA closure was defined
as the absence of PDA shunt confirmed by echocardiography
24-72h after the treatment.

Statistics

Student ¢-test or Mann—Whitney U-test was used for comparison
of continuous variables in independent samples, as appropriate.
Chi-square or Fisher’s exact tests were used to analyze categorical
variables. The data were presented as mean (standard deviation)
or median [interquartile range (IQR)] for continuous variables
and frequency (percentage) for categorical variables. Receiver
operating characteristic (ROC) curve was used to determine the
cutoff for platelet parameters. Multivariable logistic regression
was used to assess the independent contribution of potential
factors to the outcome. The odds ratio and 95% confidence
interval were calculated. Statistical analysis was performed with
the IBM SPSS Statistics 24 software. A p < 0.05 was considered
statistically significant.

RESULTS

Patients’ Characteristics

A total of 439 premature infants were diagnosed with hsPDA
during the study period. After applying the inclusion and
exclusion criteria, 129 infants were analyzed in this study (shown
in Figure 1). The demographical and clinical characteristics of
these 129 infants are shown in Table 1. Successful closure of
hsPDA after the first course of oral ibuprofen treatment was
achieved in 70 (54.3%) infants. The gestational age at birth
and birth weight in infants with successful or failed closure
of hsPDA after ibuprofen treatment were 28.3 vs. 27.6 weeks
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439 premature infants

hsPDA during the study period

were diagnosed with

48 infants excluded for other congenital heart

malformations

83 infants excluded due to intrauterine growth restriction |<—

—-I 78 infants excluded due to birth weight > 1500 grams

54 infants excluded due to eclampsia and immune

44 infants excluded because of the uncompleted course of

diseases during pregnancy

ibuprofen due to feeding intolerance

56 infants excluded due to pharmacological therapy

176 infants excluded due to concurrent infection |~—

started later than 7 days of life

129 VLBW infants with hsPDA were included in the study

——-I Echocardiography performed 24-72h after the treatment

70 infants had their PDA closed after

59 infants failed to close their PDA

treatment

FIGURE 1 | Flow chart of cases selection. hsPDA, hemodynamically significant patent ductus arteriosus; GA, gestational age.

after treatment

(p = 0.016) and 1,120 vs. 960 g (p = 0.043), respectively. The
rate of mechanical ventilation in infants with successful closure
of hsPDA was significantly lower compared to those with failed
closure of hsPDA, 31.4 vs. 54.2%, p = 0.014 (Table 1). Univariate
analysis showed that the platelet count before the first course
in infants with successful closure of hsPDA after ibuprofen
treatment was significantly higher compared to those with failed
closure of hsPDA, 212 vs. 183 x 10%/L (p = 0.024, Table 2). The
rate of thrombocytopenia before the first course of ibuprofen
treatment was significantly higher in infants with failed hsPDA
closure compared to those with successful hsPDA closure (33.9
vs. 17.1%, p = 0.028, Table 2). Other platelet parameters during
the first and second course of treatment were not significantly
different between the two groups (Table 2).

ROC Estimation and Multivariable

Regression Analysis

ROC estimation was performed to determine the cutoft value of
the platelet count before the initiation treatment for predicting
the successful closure of hsPDA. A platelet count of 181 Xx
10°/L was calculated as the threshold with an area under the
curve (AUC, 0.617); the confidence interval (CI) was 0.483-0.685;
sensitivity, 0.729; specificity, 0.508; and Youden index, 0.220
(shown in Figure 2).

TABLE 1 | Demographical and clinical characteristics of successful and failed
PDA closure after Ibuprofen treatment.

Variates PDA closure (N = 70) PDA open (N = 59) P
Male, n (%) 26 (37.1%) 29 (49.2%) 0.169
Gestational age 28.3 (27.2-29.5) 27.6 (26.1-28.4) 0.016
(weeks)

Birth weight (g) 1,120 (940-1,265) 960 (840-1,230) 0.043
Twins (n, %) 17 (24.3%) 24 (40.7%) 0.062
Vaginal delivery 29 (41.4%) 30 (50.8%) 0.365
Apgar at 1 min 8 (6-10) 8 (5-10) 0.217
Apgar at 5min 10 (9-10) 10 (9-10) 0.952
MV (>24 hour) 22 (31.4%) 32 (54.2%) 0.014
Time of starting 4 (3-6) 4 (3-6) 0.117

treatment (days)

Data are shown in numbers (%) or IQR. MV, mechanical ventilation.

Multivariate logistic analysis was performed to assess the
independent contribution of platelet level before ibuprofen
treatment to the outcome of PDA closure (Table 3). A platelet
count of >181 x 10°/L independently increased the closure rate
of PDA after ibuprofen treatment (OR 2.556, 95% CI (1.101,
5.932), p = 0.029]. Besides, a higher gestational age showed a
positive tendency of successful closure of PDA by ibuprofen
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TABLE 2 | Platelet index before and after the ibuprofen treatment.

Variates PDA closure (N = 70) PDA open (N = 59) p

PLT before the first course (x10%/L) 212 (170-248) 183 (144-232) 0.024
PCT before the first course (%) 21.4 (16.9-23.4) 19.1 (14.8-23.9) 0.093
MPV before the first course (fl) 9.8 (9.3-10.9) 10.3 (9.4-10.9) 0.562
PDW before the first course (%) 16.9 (16.6-17.2) 17.0 (16.7-17.3) 0.644
Thrombocytopenia before the first course 12 (17.1%) 20 (33.9%) 0.028
PLT after the first course (x109/L) 265 (217-329) 216 (159-329) 0.091
PLT before the second course (x10°/L)* 207 (155-313) 254 (196-348) 0.467
Thrombocytopenia before the second course” 2 (22.2%") 3 (10%*) 0.572
PLT after the second course (x 109/L)* 276 (204-361) 272 (208-345) 0.899

PLT, platelet counts; PCT, plateletcrit; MPV, mean platelet volume; PDW, platelet distribution width; Thrombocytopenia, <150 x 10%/L; #39 infants proceeded with second course of

ibuprofen, 9 infants had their PDA closed, and 30 infants remained open.

100
80—
X
2 60+
=
T
2 404
[}
]
20—
0 — Ll || Ll 1 1

0 20 40 60 80 100
100% - Specificity%

Variates AUC Sensitivity ~ Specificity ~ Youden Indes Cut-off Value
Platelet,109/L 0.617 0.729 0.508 0.220 181

FIGURE 2 | ROC curve and calculation of the cutoff value.

A Receiver-operator curve was performed and the cutoff value of the platelet
count before the initiation of treatment optimally predicting the closure of PDA
was calculated. A platelet count >181 x 10%/L was concluded as the cutoff
value with area under the curve (AUC, 0.617); the confidence interval (Cl) was
0.483-0.685; sensitivity, 0.729; specificity, 0.508; and Youden index, 0.220.

while no statistical significance was reached (p = 0.062).
Thrombocytopenia before the first course was not independently
associated with hsPDA closure after ibuprofen treatment,
although a tendency toward decreased chance of closure was
observed (OR: 0.473, 95% CI: 0.190-1.178, p = 0.108).

DISCUSSION

In the current study, the rate of successful closure of hsPDA
was 54.3% after the first ibuprofen course in VLBW infants,
which is consistent with the data reported in the literature
(1). Furthermore, a higher platelet count (>181 x 10°/L)
before ibuprofen treatment was found to be independently
associated with the closure of hsPDA in VLBW infants without
concurrent infection.

Since Echtler et al. (16) first reported that platelets are crucial
for ductus arteriosus closure in mice and premature infants,

TABLE 3 | Multivariate regression analysis of successful closure of PDA by
ibuprofen.

Variates OR 95% CI p-value
Gestational age 1.454 0.982-2.153 0.062
(weeks)

High PLT 2.556 1.101-5.932 0.029
(x10°/L)

Birth weight (g) 0.998 0.996-1.001 0.189
MV (>24h) 0.651 0.281-1.509 0.317
Thrombocytopenia 0.473* 0.190-1.178* 0.108*
before the first

course*

PLT, platelet counts; high PLT, PLT =181 x 10%/L; MV, mechanical ventilation; * logistic
regression was separately performed, adjusted for gestational age, birth weight and MV
(>24 h).

several studies also analyzed the association between low platelet
and the patency of ductus arteriosus in preterm infants, yielding
conflicting findings (8, 17-20). Building up the complexity
studies investigating whether platelet level affects the closure of
PDA after pharmacotherapeutic agents also reported conflicting
findings. Despite most of the studies reported no significant
association between platelet level and closure of PDA after
pharmacological therapy (6, 9, 21-23), a meta-analysis including
1,087 preterm infants showed that platelet level was significantly
lower in infants with failed closure of PDA (11).

These conflicting findings drive us to reflect the possible
explanations for those conflicting findings, which could be owing
to the heterogeneity in the population (7, 10, 24), grouping
on platelet level (21, 25), selected pharmacotherapeutic agent
and dosage (6, 9, 10, 24, 26), study window (25), and other
confounding factors. Platelet count and function are known to be
dramatically affected by infection (27). Olsson et al. (28) reported
that inflammatory status also influences the persistence of PDA
probably by disturbing the function of platelets. Therefore,
concurrent infection is a remarkable confounder, which affects
both the cause (platelet) and the outcome (PDA closure).
Although many researchers have tried to adjust this remarkable
confounder in their statistical analysis (21, 29), we speculate
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that concurrent infection is such a dramatic and concealed
confounder that may not be well-controlled by statistical models.
Therefore, we excluded infants with this confounder by excluding
infants with signs of infection 7 days before or after the
ibuprofen treatment.

We found that a high level of platelet (>181 x 10°/L)
independently increased the probability of successful closure of
hsPDA after ibuprofen treatment (OR: 2.556, 95% CI: 1.101-
5.932, p = 0.029). The cutoff value was modestly higher than
150 x 10°/L, which is the diagnosis criteria of thrombocytopenia.
Although thrombocytopenia was suggested to be related to
ductus closure in preterm infants (30), other studies could
not confirm these findings (21). Moreover, a randomized trial
found maintaining a relatively high level of platelet by platelet
transfusion in infants with thrombocytopenia did not facilitate
the closure of DA (29). These controversies were nicely reviewed
by Sallmon et al. (31) recently. In the current study, we also found
that thrombocytopenia was not significantly associated with DA
closure though a tendency was observed (OR: 0.473, 95% CI:
0.190-1.178). These conflicting results highlighted the need for
both experimental and clinical studies to unravel the mechanism
of DA closure and explore the potential interventions.

In the current study, we noticed that platelet count increased
after each course of ibuprofen treatment (206 vs. 256 x 10°/L;
259 vs. 285 x 10%/L), irrespective of whether ductus was closed.
In line with this finding, Sallmon et al. (9) also reported an
increase in platelet count after the first course of cyclooxygenase
inhibitor (COXI) cycle in both success and failed ductus closure.
This could be partially attributed to the physiological increase
of platelet count in the postnatal life of premature infants (32).
Furthermore, ibuprofen might interfere with platelet function as
the authors and other researchers suggested (9, 33). However,
Sallmon et al. found a slight decrease in platelet count after the
second and third round of COXI treatment, which was different
from the current study. This might be owing to the heterogeneity
of the study population.

In several studies, MPV, PDW, or platelet mass was reported
to predict the persistence of PDA (17, 23, 34, 35), which is not
confirmed in the current study. This could be explained by the
fact that those platelet parameters are heavily influenced by an
infection that frequently occurs to premature infants, whereas
those infected infants were excluded from the current study.
Besides, a delayed treatment also increases the failure of PDA
closure; therefore, we only included infants who initiated the
treatment within 7 days of age and observed no significant
difference between infants with PDA closure and those with PDA
open after ibuprofen treatment.
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