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Background: The purpose of this study was to identify the risk factors for premature
neonates requiring mechanical ventilation.

Methods: Premature neonates admitted to Chengdu Women’s and Children’s Central
Hospital between July 2014 and December 2020 were retrospectively included in this
study. Clinical and demographic factors were collated. Univariate and multivariate logistic
regression analyses were conducted to identify the risk factors for premature infants requir-
ing mechanical ventilation.

Results: A total of 1262 premature neonates participated in the study. Among them, 423
(33.53%) neonates required mechanical ventilation, whereas 839 (66.48%) neonates did not
require mechanical ventilation. Multivariate logistic regression analysis determined that
a lower Apgar score at 5 min (OR = 0.595, 95% CI: 0.472-0.74; P < 0.001), lower
gestational age (very preterm) (OR = 11.745, 95% CI: 4.362, 31.619, P < 0.001), lower
systolic blood pressure (OR = 0.864, 95% CI: 0.812-0.917, P = 0.001), lower diastolic blood
pressure (OR = 0.894, 95% CI: 0.831-0.96, P = 0.002), higher respiratory rate (OR = 1.292,
95% CI: 1.238-1.355, P < 0.001), increased C-reactive protein levels (OR=1.044, 95% CI:
1.003-1.086, P = 0.036), and presence of patent ductus arteriosus (OR = 2.174, 95% CI:
1.185-3.972, P = 0.012) were independently associated with an increased possibility of
adopting mechanical ventilation in premature infants. ROC analysis demonstrated that the
predicted power for premature neonates requiring mechanical ventilation was 0.855 (95% CI:
0.808-0.902, P < 0.001).

Conclusion: In conclusion, we determined that a lower Apgar score at 5 min, lower
gestational age, lower systolic blood pressure, lower diastolic blood pressure, higher respira-
tory rate, increased C-reactive protein levels and presence of patent ductus arteriosus were
independently associated with an increased possibility of adopting mechanical ventilation in
premature infants.
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Introduction

Preterm birth is one of the most challenging problems facing obstetric care and is
closely associated with perinatal mortality and morbidity. Based on data collected
from 184 countries, the average global preterm birth rate in 2018 was estimated to
be 11.1%, ranging from approximately 5% in northern Europe to 18% in sub-
Saharan Africa.! China accounts for 7.8% of all preterm births in the world with
a mortality rate of preterm births at 7.1% of all live births.? As the gestational age

decreases among preterm births, a very significant increase in mortality begins to
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emerge.’ It has been determined that an increased
respiratory morbidity risk is more inextricably associated
with preterm births than with term deliveries.* Most
preterm deaths occur among the earliest gestational age
newborns with the causes of death including apnea,
respiratory distress syndrome, necrotizing enterocolitis,
intraventricular hemorrhage, infection, and asphyxia.’
Two of these are respiratory diseases. Respiratory pro-
blems are common after birth in preterm infants, espe-
(< 28 weeks of
gestation), and most of these infants require assisted

cially extremely preterm infants

ventilation until they are sufficiently mature and strong
to breathe unassisted.

The evolution of neonatal respiratory support has been at
the center of the advancements in neonatal—perinatal medi-
cine and has facilitated the survival of infants that were
previously considered to have no chance of survival.
Mechanical ventilation is a life support treatment for patients
who require support from a ventilator owing to severe illness
in a hospital’s intensive care unit (ICU). Although mechan-
ical ventilation can also trigger complications with long-term
implications, such as nosocomial infections,™ bronchopul-

1011 retinopathy  of

monary dysplasia,” ® brain injury,
prematurity'> and poor neurodevelopmental outcome,”
some preterm infants require respiratory support at birth,
which is usually lifesaving. The proportion of preterm infants
requiring intubation and mechanical ventilation has
decreased, and the most severely ill among them often
require intubation and ventilation even after pulmonary sur-
factant treatment. As an increasing number of infants at the
borderlines of viability receive full intensive care with the
goal of intact survival, estimates of respiratory support are
required to understand and predict resource utilization, as
well as optimize the management of premature infants using
mechanical ventilation. To promptly arrange and improve the
respiratory status of infants, it is important to understand and
determine the infants that require mechanical ventilation.
However, the specific risk factors of mechanical ventilation
in preterm infants remain unclear. The aim of this study was
to explore the clinical features of premature infants that
require mechanical ventilation and to identify the risk factors

for premature infants requiring mechanical ventilation.

Methods

Patients
In this retrospective cohort study, we included premature
infants admitted to Chengdu Women’s and Children’s

Central Hospital between July 2014 and December 2020.
An infant born before 37 completed weeks of gestation is
considered premature (full term is 37-42 weeks).> We
excluded infants who died within 72 h of birth or those
with major congenital malformations including congenital
heart disease, digestive tract malformation and diaphrag-
matic hernia. Major congenital anomalies were defined as
either life-threatening if untreated or potential triggers of
significant neurodevelopmental disabilities, even if treated
as described by Bassil et al.'* This study was approved by
the Ethical Committee of Chengdu Women’s
Children’s The
requirement was waived because the study only involved

and
Central Hospital. informed consent
the use of past clinical data. We have confirmed that the
patient data was maintained with confidentiality, and that
this
Declaration of Helsinki.

study was conducted in accordance with the

Data Collection

Clinical and demographic factors were collated, which
included age, sex, height, birth weight, multiple births,
in vitro fertilization (IVF), mode of delivery, Apgar score
at the first minute, Apgar score at 5 min, gestational age,
previous admission to neonatal ICU (NICU), and patent
(PDA) on the birth certificate.
Respiratory rate, systolic blood pressure, diastolic blood

ductus arteriosus
pressure, heart rate, steroid therapy, blood product usage,
enteral nutrition treatment, C-reactive protein (CRP), and
anemia were collected on the first day of admission.

According to Queensland Clinical Guidelines, We
divided studied population into three categories according
to GA: <28wks’GA (extremely preterm), 28-31wks’GA
(very preterm), and 32-37wks’GA (moderate to late
preterm).'’

The Apgar score consists of five components (heart
rate, respiratory effort, muscle tone, reflex irritability, and
color), each with a value from 0 to 2. Therefore, the total
scores range from 0 to 10, with higher scores indicating
better physical condition.

Systolic blood pressure and diastolic blood pressure
were measured indirectly using an oscillometric device
(555; Corometrics Medical Systems, Wallingford, CT,
USA) with the neonate awake, not crying and in the supine
position after an appropriate-sized cuff was applied on the
right arm. The blood pressure was measured three times in
an interval of 2 minutes, and the average of the last two
measurements was calculated for data analysis.'®
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Enteral nutrition treatment means the feeding amount
reached 120mL/kg per day. While as the same time,
removing peripherally inserted central catheter (PICC)
was taken into consideration.

Statistical Analysis

Continuous variables were summarized as the median
(interquartile range), and categorical variables were
expressed as frequencies (percentages) based on variable
characteristics and normal distribution. Comparisons of
continuous and categorical variables were conducted
using the Mann—Whitney U-test, Chi-squared test, or
Fisher’s exact test. The sample set was randomly divided
into a training set (70% of the sample set) and testing set
(30% of the sample set). Logistic regression analysis was
adopted to analyze the potential risk factors of premature
neonates requiring mechanical ventilation. The variables
with P < 0.1 in the univariable logistic model were input
into the multivariable logistic model in the training set.
The backward selection method was adopted to identify
factors associated with mechanical ventilation. Receiver
operating characteristic curve (ROC) analysis was per-
formed, and the area under the curve (AUC) was calcu-
lated in the testing set. Sensitivity and specificity were
calculated based on the maximum Youden index. All sta-
tistical tests were two-sided, and statistical significance
was set at P<0.05. The analyses were conducted using
SPSS 22.0 (SPSS Inc., Chicago, IL).

Results

Comparison of Clinical Characteristics of
Premature Neonates Requiring
Mechanical Ventilation and Those Not

Requiring Mechanical Ventilation

A total of 1262 premature neonates participated in the
study (Table 1). Among them, 423 (33.53%) neconates
required mechanical ventilation, whereas 839 (66.48%)
neonates did not require mechanical ventilation. Age,
birth weight, height, Apgar score at 1 min, Apgar score
at 5 min, gestational age, systolic blood pressure, and
diastolic blood pressure were significantly lower in pre-
mature neonates requiring mechanical ventilation than in
premature neonates that did not require mechanical venti-
lation (P < 0.001). The respiratory rate, proportion of
anemia, number of males, IVF pregnancy, enteral nutri-
tion, CRP levels and PDA of preterm infants that required

mechanical ventilation were higher than those that did not
require mechanical ventilation (P < 0.05).

A total of 878 (70%) premature neonates (293 requir-
ing mechanical ventilation and 585 not requiring mechan-
ical ventilation) were assigned to the training set while 384
(30%) were assigned to the testing set (130 requiring
mechanical ventilation and 254 not requiring mechanical
ventilation). The baseline characteristics of premature neo-
nates in the training and testing sets are presented in
Table 2.

Univariate and Multivariate Logistic
Analyses of Risk Factors of Mechanical

Ventilation in Premature Neonates
Univariate logistic regression analysis indicated that age,
sex, height, birth weight, Apgar score at the first minute,
Apgar score at 5 min, gestational age, systolic blood
pressure, diastolic blood pressure, respiratory rate, CRP
levels, anemia, and PDA were associated with mechanical
ventilation in premature neonates (Table 3).

The final multivariable analysis included variables that
were significantly associated with mechanical ventilation
(Table 4). Finally, we determined that a lower Apgar score
at 5 min (OR = 0.595, 95% CI: 0.472-0.74; P < 0.001),
lower gestational age (very preterm) (OR = 11.745, 95%
CI: 4362, 31.619, P < 0.001), lower systolic blood pres-
sure (OR = 0.864, 95% CI: 0.812-0.917, P = 0.001), lower
diastolic blood pressure (OR =0.894, 95% CI:0.831-0.96,
P = 0.002), higher respiratory rate (OR = 1.292, 95% CI:
1.238-1.355, P < 0.001), increased CRP levels
(OR=1.044, 95% CI: 1.003-1.086, P = 0.036), and pre-
sence of PDA (OR = 2.174, 95% CI: 1.185-3.972, P =
0.012) were independently associated with an increased
risk mechanical ventilation in premature infants.

Predictive Power Analysis of Premature
Neonates Requiring Mechanical

Ventilation

A multivariate logistic regression model fitted to the train-
ing set was verified in the testing set. The ROC curve for
the predicted risk from multivariate logistic regression of
premature neonates requiring mechanical ventilation in the
testing set is presented in Figure 1. The AUC, sensitivity,
and specificity are 0.855 (95% CI: 0.808, 0.902, P <
0.001), 0.752, and 0.870, respectively (Table 5 and
Figure 1).
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Table | Clinical Characteristics of Preterm Neonates

Requiring Mechanical Not Requiring Mechanical Total (n=1262) | P value
Ventilation (n = 423) Ventilation (n = 839)
Age (days) Median (1, 6) 1(1,24) 1(1,24) < 0.001
(Range)
Birth weight (kg) Median (IQR) | 1.97 (1.58, 2.47) 235 (2.1, 2.69) 2.27 (1.94, 2.62) < 0.001
Length (cm) Median (IQR) | 43 (40, 47) 46 (44, 48) 46 (43, 48) < 0.001
Apgar score at | min Median (IQR) | 8 (7, 9) 9 (9, 10) 9 (8, 10) < 0.001
Apgar score at 5 min Median (IQR) | 9 (9, 10) 10 (10, 10) 10 (9, 10) < 0.001
Gestational age (week) (0, 28) 13 (100%) 0 (0%) 13 (100%) < 0.001
(28, 32) 124 (93.9%) 8 (6.1%) 132 (100%)
(32, 37) 286 (25.6%) 831 (74.4%) 1117 (100%)
Respiratory rate (times/min) Median (IQR) | 55 (50, 60) 46 (45, 48) 48 (45, 54) <0.001
Systolic blood pressure (mmHg) Median (IQR) | 56 (53, 58) 59 (58, 62) 58 (56, 62) < 0.001
Diastolic blood pressure (mmHg) | Median (IQR) | 34 (31, 36) 36 (34, 38) 35 (32, 38) < 0.001
Heart rate (BPM) Median (IQR) | 138 (132, 142) 140 (135, 140) 140 (135, 140) 0.069
C-reactive protein (mg/L) Median (IQR) | I (1, 5) 1 (1, 4) 1 (1, 4) < 0.001
Gender Female 158 (28.52%) 396 (71.48%) 554 (100%) 0.001
Male 265 (37.43%) 443 (62.57%) 708 (100%)
Multiple births No 215 (36.94%) 367 (63.06%) 582 (100%) 0.036
Yes 108 (30.25%) 249 (69.75%) 357 (100%)
In vitro fertilization No 410 (33.12%) 828 (66.88%) 1238 (100%) 0.03
Yes 13 (54.17%) 11 (45.83%) 24 (100%)
Mode of delivery Spontaneous 116 (33.43%) 231 (66.57%) 347 (100%) 0.974
labor
Cesarean 299 (33.33%) 598 (66.67%) 897 (100%)
section
Admitted to NICU No 416 (33.44%) 828 (66.56%) 1244 (100%) 0.627
Yes 7 (38.89%) 11 (61.11%) 18 (100%)
Enteral nutrition treatment No 379 (32.76%) 778 (67.24%) 1157 (100%) < 0.001
Yes 44 (41.9%) 61 (58.1%) 105 (100%)
Anemia Yes 101 (42.62%) 136 (57.38%) 237 (100%) 0.002
No 319 (31.74%) 686 (68.26%) 1005 (100%)
Patent ductus arteriosus No 294 (28.38%) 742 (71.62%) 1036 (100%) < 0.001
Yes 129 (57.08%) 97 (42.92%) 226 (100%)
Respiratory distress syndrome No 208 (19.87%) 839 (80.13%) 1047 (100%) < 0.001
Yes 215 (100%) 0 (0%) 215 (100%)
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Table 2 Clinical Characteristics of Preterm Neonates in Training and Testing Sets

Training Set (n = 878)

Testing Set (n = 384)

Requiring
Mechanical
Ventilation (n = 293)

Not Requiring
Mechanical Ventilation
(n = 585)

Requiring
Mechanical

Ventilation (n = 130)

Not Requiring
Mechanical Ventilation
(n = 254)

Age (days) Median 1 (1, 6) I (1, 24) I (1, 4) I (I, 24)
(Range)
Birth weight (kg) | Median (IQR) | 1.9 (1.47, 2.4) 2.34 (2.09, 2.71) 2.13 (1.78, 2.6) 2.36 (2.13, 2.65)
Length (cm) Median (IQR) | 43 (40, 46) 46 (44, 48) 45 (42, 48) 46 (44, 48)
Apgar score at | Median (IQR) | 8 (7, 9) 9 (9 10) 989 9 (9, 10)
min
Apgar score at 5 | Median (IQR) | 9 (9, 10) 10 (10, 10) 9 (9 10) 10 (10, 10)
min
Gestational age (0, 28) 10 (3.4%) 0 (0.0%) 3 (2.3%) 0 (0.0%)
(28, 32) 97 (33.1%) 6 (1.0%) 27 (20.8%) 2 (0.8%)
(32, 37) 186 (63.5%) 579 (99.0%) 100 (76.9%) 252 (99.2%)
Respiratory rate | Median (IQR) | 55 (50, 60) 46 (44, 48) 55 (50, 58) 46 (45, 48)
(times/min)
Systolic blood Median (IQR) | 56 (53, 58) 59 (58, 62) 58 (54, 60) 58 (58, 62)
pressure (mmHg)
Diastolic blood Median (IQR) | 33 (31, 36) 36 (34, 38) 35 (32, 38) 36 (34, 38)
pressure (mmHg)
Heart rate (BPM) | Median (IQR) | 138 (132, 142) 140 (135, 140) 136 (130, 140) 140 (135, 140)
C-reactive Median (IQR) | I (I, 5) I (I, 4) 1(1,5) 1(1, 4)
protein (mg/L)
Gender Female 108 (36.86%) 276 (47.18%) 50 (38.46%) 120 (47.24%)
Male 185 (63.14%) 309 (52.82%) 80 (61.54%) 134 (52.76%)
Multiple births No I51 (65.65%) 249 (59.29%) 64 (68.82%) 118 (60.2%)
Yes 79 (34.35%) 171 (40.71%) 29 (31.18%) 78 (39.8%)
In vitro No 284 (96.93%) 578 (98.8%) 126 (96.92%) 250 (98.43%)
fertilization
Yes 9 (3.07%) 7 (1.2%) 4 (3.08%) 4 (1.57%)
Mode of delivery | Spontaneous | 86 (29.97%) I51 (26.12%) 30 (23.44%) 80 (31.87%)
labor
Cesarean 201 (70.03%) 427 (73.88%) 98 (76.56%) 171 (68.13%)
section
Admitted to No 288 (98.29%) 578 (98.8%) 128 (98.46%) 250 (98.43%)
NICU
Yes 5 (1.71%) 7 (1.2%) 2 (1.54%) 4 (1.57%)
Enteral nutrition No 265 (90.44%) 537 (91.79%) 114 (87.69%) 24| (94.88%)
treatment
Yes 28 (9.56%) 48 (8.21%) 16 (12.31%) 13 (5.12%)
(Continued)
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Table 2 (Continued).

Training Set (n = 878) Testing Set (n = 384)
Requiring Not Requiring Requiring Not Requiring
Mechanical Mechanical Ventilation | Mechanical Mechanical Ventilation
Ventilation (n =293) | (n = 585) Ventilation (n = 130) | (n = 254)
Anemia Yes 60 (20.7%) 87 (15.2%) 41 31.5%) 49 (19.6%)
No 230 (79.3%) 485 (84.8%) 89 (68.5%) 201 (80.4%)
Patent ductus No 200 (68.3%) 520 (88.9%) 94 (72.3%) 222 (87.4%)
arteriosus
Yes 93 (31.7%) 65 (11.1%) 36 (27.7%) 32 (12.6%)
Respiratory No 138 (47.1%) 585 (100%) 70 (53.8%) 254 (100%)
distress syndrome
Yes 155 (52.9%) 0 (0%) 60 (46.2%) 0 (0%)

Discussion

In this retrospective study, we investigated the risk factors
of mechanical ventilation in premature infants during hos-
pitalization. We determined that a lower Apgar score at 5
min, lower gestational age (very preterm), lower systolic
blood pressure, lower diastolic blood pressure, higher
respiratory rate, increased CRP levels and presence of
PDA were independently associated with an increased
possibility of using mechanical ventilation in premature
infants. ROC analysis verified that the predicted power of
multivariate logistic regression for premature neonates
requiring mechanical ventilation in the testing set was
0.855.

Prematurity is conventionally considered to be asso-
ciated with an increased risk of long-term morbidity
towing to the immaturity of different systems, specifically
the respiratory system.'”'® A study demonstrated that
preterm births were more inextricably associated with
an increased risk of respiratory morbidity than term
deliveries.* Premature neonates require mechanical venti-
lation for a certain duration during the newborn period,
and more than two-thirds of those born at less than 29
weeks of gestation require mechanical ventilation.® In this
study, we determined that the median gestational age in
premature neonates requiring mechanical ventilation was
33.9, compared to 35.7 in premature neonates not requir-
ing mechanical ventilation. Decreased gestational age was
considered an independent risk factor associated with
premature neonates requiring mechanical ventilation.
A cross-sectional study by Moreira et al in Brazil deter-
mined that 13.1% of neonates with a gestational age

greater than 34 weeks required supplementary oxygen.'’
In this study, we determined that 33.53% of neonates
required mechanical ventilation because we included
extremely preterm infants (< 28 weeks of gestation).

1?° and Moreira et al'® inferred that preterm

Sousa et a
infants (with gestational age < 36 weeks) exhibited an
increased need for positive-pressure ventilation and sup-
plemental oxygen than term infants, which was consistent
with our study results, in which a lower gestational age
was associated with an increased possibility of using
mechanical ventilation in premature infants. The younger
the gestational age of premature infants, the less mature
the lung development and respiratory physiological func-
tion. At approximately the time of earliest extrauterine
viability at 23 to 24 weeks of gestation, the distal lung
parenchyma transitions from the canalicular to the saccu-
lar stage of lung development. Alveoli begin to appear
after 32 weeks of gestation, and approximately 30% of
the adult number of alveoli are formed by term.?** In
preterm infants, the division of the alveolar saccules and
ducts into true alveoli is yet to occur, and proliferation of
the capillary network is still incomplete; therefore, the
lungs are significantly unprepared for their essential role
in gas exchange after birth.”> In addition, owing to the
immature respiratory central regulatory function, respira-
tory dysfunction, or secondary to different underlying
diseases, premature infants often experience apnea and
respiratory failure. These factors significantly increase the
possibility of premature infants receiving respiratory sup-
port treatment. Previous studies have determined that
premature infants exhibited a statistically higher propor-
tion of respiratory distress syndrome, transient tachypnea
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Table 3 Univariate Logistic Analysis of Risk Factors of Mechanical Ventilation in Premature Neonates
Variables OR OR 95% CI P value
Gender (Male vs Female) 1.53 (1.148-2.04) 0.004
Age 0.507 (0.381-0.677) < 0.001
Birth weight 0.15 (0.106-0.211) < 0.001
Length 0.758 (0.722-0.797) < 0.001
Multiple births (Yes vs No) 0.762 (0.545-1.065) 0.111
In vitro fertilization (Yes vs No) 2,615 (0.964-7.094) 0.059
Mode of delivery (Spontaneous labor vs Cesarean section) 0.827 (0.604—1.131) 0.233
Apgar score at | min 0.605 (0.542-0.675) < 0.001
Apgar score at 5 min 0.397 (0.322-0.489) < 0.001
Gestational age (<28 weeks vs 32~37 weeks) \ \ >0.99
Gestational age (28~31 weeks vs 32~37 weeks) 50.238 (21.668-116.477) <0.001
Admitted to NICU (Yes vs No) 1.434 (0.451-4.556) 0.542
Respiratory rate 1.263 (1.222-1.306) < 0.001
Systolic blood pressure 0.799 (0.767-0.832) < 0.001
Diastolic blood pressure 0.8I1 (0.777-0.847) < 0.001
Heart rate 0.996 (0.981-1.012) 0.65
Enteral nutrition treatment (Yes vs No) 1.182 (0.725-1.927) 0.502
C-reactive protein 1.05 (1.019-1.082) 0.002
Anemia (Yes vs No) 0.688 (0.479-0.993) 0.044
Patent ductus arteriosus (Yes vs No) 3.72 (2.611-5.33) < 0.001
Table 4 Multivariate Logistic Analysis of Risk Factors of Mechanical Ventilation in Premature Neonates
Variables OR OR (95% CI) P value
Apgar score at 5 min 0.595 (0.472-0.74) <0.001
Gestational age (<28 weeks vs 32~37 weeks) \ \ >0.999
Gestational age (28~31 weeks vs 32~37 weeks) 11.745 (4.362-31.619) <0.001
Respiratory rate 1.292 (1.238-1.355) <0.001
Systolic blood pressure 0.864 (0.812-0.917) 0.001
Diastolic blood pressure 0.894 (0.831-0.96) 0.002
Patent ductus arteriosus 2.174 (1.185-3.972) 0.012
C-reactive protein 1.044 (1.003-1.086) 0.036
Therapeutics and Clinical Risk Management 2021:17 https: 783
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Figure | ROC analysis of premature infants requiring mechanical ventilation.

of the newborn, pneumonia, respiratory failure, and stan-
dard than term neonates.****** Although the development
trend of neonatal ICUs is dedicated to avoiding mechan-
ical ventilation substantially, mechanical ventilation
remains a necessary means of supporting premature
infants with lung disease, especially extremely preterm
infants.

Interestingly, we determined that a lower Apgar score
was another independent risk factor associated with pre-
mature neonates requiring mechanical ventilation. Dalili
et al inferred that a low 5-minute combined Apgar score
remained significantly associated with the requirement for

mechanical ventilation,”> which is consistent with our

Table 5 Prediction Values of Mechanical Ventilation in Premature
Neonates in Testing Set

study. Among five components consisting the Apgar
score, two stems (color and respiratory effort) are linked
to the respiratory status, a low Apgar score is associated
with a higher risk of immediate respiratory morbidity.*®
A low Apgar score increases the chances of several long-
term respiratory-related morbidities, independent of gesta-
tional age and other obstetrical circumstances.”® A low
Apgar score in preterm infants may indicate biological
immaturity.”” Therefore, respiratory morbidity, at least in
the short term, is expected to be more prevalent among
newborns with low Apgar scores. Therefore, clinicians
should pay more attention to the respiratory status of
premature infants with low Apgar scores.

PDA is another independent high-risk factor associated
with premature neonates requiring mechanical ventilation.
PDA is a relatively common challenged encountered by
preterm infants, with an incidence showing an inverse
correlation with gestational age.”®?° In preterm infants,
however, PDA closure is delayed, remaining open at 7
days of age in approximately 2% of infants born at 30—

AUC (95% CI) Sensitivity | Specificity
Logistic 0.855 (0.808, 0.902) 0.752 0.870
regression
784 https:

Dove!

Therapeutics and Clinical Risk Management 2021:17


https://www.dovepress.com
https://www.dovepress.com

Dove

Yue et al

37 weeks of gestation, with 65% of them born at 25-28
weeks of gestation, and 87% of them at 24 weeks of
30 shunt through
a PDA increases the rate of hydrostatic fluid filtration

gestation.”” A persistent left-to-right

into the lung’s interstitium, impairs pulmonary mechanics,

31 and

produces an acute deterioration in lung function,
prolongs the need for mechanical ventilation.>* Studies
have demonstrated that preterm infants treated with PDA
ligation achieved earlier successful extubation.**** These
findings suggest that PDA can significantly trigger respira-
tory insufficiency. Premature infants with PDA may
require mechanical ventilation; therefore, physicians
should pay more attention to their respiratory function.
Lower blood pressure was a minor risk factor asso-
ciated with an increased possibility of using mechanical
Infants with birth

asphyxia, as well as ventilated infants, had lower systolic

ventilation in premature infants.

and diastolic blood pressures than other infants without
these conditions.’” Premature infants with low blood
pressure have weak organ systems, including the respira-
tory system. Previous studies reported that the blood pres-
sure of premature infants is lower than that of term infants
at birth;*”*° however, blood pressure increased steadily in
the first week of life.*! Therefore, the infants with low
blood pressure were younger and had immature physiolo-
gical functions; hence, the possibility of requiring mechan-
ical ventilation increases.

Increased CRP levels were weakly associated with an
increased possibility of using mechanical ventilation in pre-
mature infants. Previous studies have determined that
increased CRP levels could be a useful marker of critical
illness like respiratory distress in neonates and coronavirus
disease 2019 (COVID-19) in children.**** And another
study found that increased CRP levels were associated
with a decrease in ventilator-free days in children.**
Herold et al found that higher CRP levels could increase
the need of mechanical ventilation in COVID-19 patients.*
However, similar studies in preterm infants were no found.
A prospective research with large numbers should be per-
formed in future to find real relationship between CRP levels
and mechanical ventilation in preterm infants.

The retrospective nature of this study is a significant
limitation. On the one hand, it enabled us to analyze
a large cohort of newborns, but on the other hand, it
exhibits all the inherent weaknesses of a retrospective
study. As with any retrospective review, causality cannot
be confirmed, and only correlations can be inferred. Future
some of these

prospective research could address

challenges. Second, the training and validation data
adopted in this study were obtained from a single center.
Because we did not include an external validation cohort
in this study, the real values of the prediction models
require further validated in future studies. Also, we could
not evaluate other ante natal factors’ associations with
need of mechanical ventilation, like ITUGR occurrence
and steroids therapy. Since we only adopted data from
a single center while many subjects taken prenatal exam-
ination in other hospital, complete data of these factors
were not available. Finally, for some data like blood gases
which recorded in papers instead of electronic medical
record system, we could not adopt these indicators into
our study because it is difficult to input the data into
system considering the inconsistent record standards.

In conclusion, our study presents clinical and demo-
graphic
mechanical ventilation. Ultimately, we determined that

information on premature neonates requiring

a lower Apgar score at 5 min, lower gestational age (very
preterm), lower systolic blood pressure, lower diastolic blood
pressure, higher respiratory rate, increased CRP levels and
presence of PDA were independently associated with an
increased possibility of using mechanical ventilation in pre-
mature infants. These results could be helpful for clinicians to
predict who could require mechanical ventilation and com-
prehensively assess the necessity of utilization of mechanical
ventilation. In this way, it could be possible to avoid the
damage of unnecessary use of mechanical ventilation.
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