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Abstract: Objective — To investigate the main causes, related factors and clinical outcomes of neonates with continuous
oxygen therapy > 28 days in neonatal intensive care unit (NICU) of our hospital. Methods — Clinical data of neonates
admitted to NICU from January 2015 to December 2020 who needed continuous oxygen therapy = 28 days after birth were
retrospectively analyzed. The causes of continuous oxygen therapy = 28 days, general condition with oxygen and respi-
ratory support, duration and clinical outcomes were recorded. Independent samples t test, Mann-Whitney rank sum test, x*
test were used for statistical analysis. Results — In the past 6 years, 115 cases met the inclusion criteria and who received
continuous oxyogen therapy = 28 days after birth. 1. Gestational age: 25"'~40", <32 weeks of gestation accounted for
83.5%. The peak gestational age occurred at 287°~29"¢ weeks after continuous oxygen therapy for = 28 days. 2. Main caus-
es: 37 cases (32.2%) of bronchopulmonary dysplasia (BPD), 36 cases (31.3%) of neonatal pneumonia, 20 cases (17.4%) of
apnea of prematurity (AOP), Pulmonary hypertension was reported in 8 cases (7.0%), laryngotrachealacia in 2 cases (1.7%),
cyanosis congenital heart disease in 4 cases (3.5%), and other causes in 8 cases (7.0%). 3. Short-term prognosis: of 105
premature infants, 90 were successfully deoxygenated, accounting for 85.7%; In 10 cases, 5 cases (50%) were successfully
deoxygenated. 20 cases gave up treatment or died. 4. Long-term oxygen therapy was related to gestational age and duration
of ventilator. The younger the gestational age, the longer the mechanical ventilation time and the longer the total oxygen
therapy time (P < 0.05). Conclusion — Continuous oxygen therapy = 28 days received in all gestational age group. Preterm
infants with gestational age < 32 weeks had the highest incidence. The main causes of premature infants with gestational age
< 32 weeks are BPD, neonatal pneumonia, AOP and pulmonary hypertension. Neonatal pneumonia was the main cause in
preterm infants with gestational age 32*°~34"¢ weeks, and congenital dysplasia and genetic metabolic diseases were the main
cause in neonates above 35 weeks gestational age group.
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Hypoxemia is a common clinical manifestation of critically ill neonates. Oxygen therapy is the most important method
to treat hypoxemia. Neonates who need oxygen therapy for a long time due to various reasons will significantly increase
the length of hospital stay, cost consumption and risk of nosocomial infection. Approved by the hospital ethics Committee,
this study retrospectively analyzed the etiological distribution, clinical characteristics and high risk factors of neonates with
continuous oxygen therapy = 28 days in Jingzhou Central Hospital in the past 6 years, as shown below.

1. Objects and methods

1.1 Subjects

All neonates admitted to NICU of our hospital from January 2015 to December 2020. The inclusion criteria should meet
the following three conditions: (D start oxygen therapy immediately after birth; (2) duration of continuous oxygen therapy =
28 days; (3 complete clinical data. The exclusion criteria met one of the following: (D Death or abandonment of treatment
within 28 days after birth 2) incomplete clinical data.

1.2 Data collection

The following indicators of the included cases were collected: (1) General information: admission age, sex, gestational
age (GA), birth weight (BW); (2) Diagnosis and treatment data: main diagnosis, oxygen therapy method, ventilator support
method and time, imaging data, postmenopausal age (PMA)36 weeks respiratory support method and oxygen concentration,
final deoxidation and outcome.
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1.3 Main diagnostic criteria for BPD
@ two diagnostic criteria for BPD: NICHD 2001 and 2018 definition and grading criteria for BPDI'), In this study,
BPD was diagnosed in 2018. (2)Diagnosis of other diseases: Refer to "Practical Neonatology" (5th edition) B,

1.4 Statistical methods

SPSS23.0 software was used for statistical analysis, counting data were expressed as N (%), and comparison between
groups was performed using x? test or continuous calibration chi-square. The measurement data conforming to the normal
distribution were represented by (x+ S), and the non-conforming data were represented by M (P25, P75). Independent
sample T-test was performed for measurement data conforming to normality and homogeneity of variance; otherwise, Mann-
Whitney rank-sum test was performed. P < 0.05 was considered statistically significant.

2. Results

2.1 Selected cases

During the study period, 4698 neonates were admitted to NICU, including 2239 preterm infants, 372 gestational age
< 32 weeks, and 2459 term infants. A total of 640 neonates were eligible for postnatal oxygen use and survival time = 28
days, including 125 neonates with continuous oxygen therapy = 28 days, and 115 cases were selected after excluding 10
cases with incomplete clinical data.

2.2 Gestational age distribution and oxygen therapy

Among the 115 cases included, 105 were premature and 10 were term infants. The distribution of different gestational
ages, oxygen treatment time, lung consolidation and final deoxygenation were shown in Table 1. At 257°~31% weeks
gestational age group, 96 cases (83.5%) were deoxygenated successfully, 83 cases (86.5%). The peak gestational age of
long-term oxygen uptake was from 28*° to 296 weeks in 63 cases (54.8%), of which 54 cases (85.7%) were successfully
deoxygenated. 10 cases (8.7%) were over 37 weeks, and 5 cases (50%) were successfully deoxygenated.

Table 1. Gestational age, oxygen treatment time, lung consolidation and deoxygenation of 115 neonates (n, %)

GA (W) Oxygen trezagr(‘;lent time > Oxygenpt]{/e[:/a\t?r,%e\vm time > PMA36W Successful
(lung consolidation) deoxygenation
<26 1(0.9) 0(0.0) 0(0.0) 0(0.0)
26"~26" 3(2.6) 1(0.9) 1(0.9) 1(0.9)
27727 6(5.2) 2(1.7) 2(1.7) 5(4.3)
2870287 28(24.4) 11(9.6) 11(9.6) 23(20.0)
297297 35(30.4) 11(9.6) 11(9.6) 31(27.0)
307~307 16(13.9) 4(3.4) 4(3.4) 16(13.9)
317°-31"° 7(6.1) 3(2.6) 3(2.6) 7(6.1)
320327 6(5.2) / / 5(4.3)
33033 1(0.9) / / 1(0.9)
3410347 0(0.0) / / 0(0.0)
357357 2(1.7) / / 1(0.9)
36°~36" 0(0.0) / / 0(0.0)
>37 10(8.7) / / 5(4.3)
total 115(100) 32(27.8) 32(27.8) 95(84.3)

2.3 Main causes of oxygen therapy = 28 days

Table 2 shows that the main causes were BPD in 37 cases (32.2%), neonatal pneumonia in 36 cases (31.3%), AOP in
20 cases (17.4%), pulmonary hypertension in 8§ cases (7.0%), congenital laryngotrachealacia in 2 cases (1.7%), severe cleft
lip and palate, incomplete atresia of posterior nostril, congenital laryngeal cyst, congenital glottic stenosis, and congenital
cystadenoma of lung, congenital diaphragmatic hernia, epileptic encephalopathy, aortic valve stenosis, complete pulmonary
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venous drainage with atrial septal defect, right ventricular double outlet with ventricular septal defect, persistent trunk
artery, and glycogen storage disease type II, 1 each, a total of 12 cases (10.4%). There were 20 cases of abandonment or
death, including 12 cases of BPD, 4 cases of cyanosis congenital heart disease, 1 case of congenital diaphragmatic hernia,
1 case of pulmonary hypertension, 1 case of epileptic encephalopathy, and 1 case of glycogen storage disease II. The
main causes of premature infants with gestational age < 32 weeks were BPD, neonatal pneumonia, AOP and pulmonary
hypertension. Neonatal pneumonia was the main cause of preterm infants at 32°~34¢ weeks gestational age group, and
congenital dysplasia was the main cause of neonates above 35 weeks gestational age group.

Table 2. Main causes of oxygen therapy > 28 days in 115 neonates

Cause The nul('rrllt’)iz) g)f cases Givz: rﬁ[f%o)r die GA (W)
BPD 37(32.2) 12(10.4) <32
Neonatal pneumonia 36(31.3) 0(0.0) <35
Severe cleft lip and palate 1(0.9) 0(0.0) 30"
Incomplete atresia of posterior nostril 1(0.9) 0(0.0) 397

Congenital laryngotracheomalacia 2(1.7) 0(0.0) 387,35
Congenital laryngeal cyst 1(0.9) 0(0.0) 39
Congenital glottis stenosis 1(0.9) 0(0.0) 39

Congenital cystadenoma of
lung 1(0.9) 0(0.0) 38"
Congenital diaphragmatic hernia 1(0.9) 1(0.9) 38
AOP 20(17.4) 0(0.0) <32
Epileptic encephalopathy 1(0.9) 1(0.9) 35"
Pulmonary hypertension 8(7.0) 1(0.9) <32
Aortic stenosis 1(0.9) 1(0.9) 327
dragl(;gép&itfhp;iﬁfrsl:;{arﬁgfect 1(0.9) 1(0.9) 37"
Right ventricular S(g.;l;lled ggﬁt(lﬁt with ventricular 1(0.9) 1(0.9) 3872
Permanent trunk 1(0.9) 1(0.9) 38"
Glycogen storage disease type 11 1(0.9) 1(0.9) 40
total 115(100) 20(17.4)

2.4 Oxygen therapy and mechanical ventilation

GA, BW, total oxygen therapy time and mechanical ventilation time of the enrolled neonates were shown in Table 3.
Among 115 cases, 46 cases needed IMV, and 18 cases (39.1%) needed IMV in the 28"°~29 *¢ gestational age group. The IMV
time in < 28 weeks gestational age group was longer than that in 287°~29 *¢ weeks gestational age group and other gestational
age groups, and there was no statistical significance between NIV time in < 28 and 28'°~29 *¢ weeks gestational age group
(P > 0.05). There was statistically significant difference between NIV time in < 29 and over 30*° weeks gestational age
groups (P < 0.05).1t can be seen that the younger the gestational age, the longer the mechanical ventilation time, the longer
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the total oxygen therapy time.

Table 3. Oxygen therapy and mechanical ventilation of 115 neonates

GA (W) BW Total oxygen therapy time IMV IMV time NIV time
(x+s, ) (xs, d) (n, %) [M(P25,P75)d] (x#s,d)
<28 1010138.40 50.60+14.35 6(13.0%) 15(5,49) 20.10+13.14
287°-29" 1218+176.90 42.65+12.28 18(39.1%) 6(2,10) 14.75+12.27
307~31" 1426+190.78 37.61£10.11 8(17.4%) 4(2,9) 11.57+8.74
3270-33" 1911+421.84 35.86+7.69 5(10.9%) 7(2,14) 9.00+5.97
3436 1815+586.90 30.50+2.12 2(4.3%) 5(3) 6.50+0.71
>37 3369+657.71 31.60+3.44 7(15.2%) 7(6,7) 7.10£1.20
Xz 3.552" 1.859° 8.118" 2.392" 1.270°
p 0.001 0.067 0.004 0.017 0.208

Note: IMV: invasive mechanical ventilation; NIV: non-invasive mechanical ventilation; Ax?>values,’t values,z values
were compared between < 28 and 287°~29*¢ weeks gestational age groups.

3. Discussion

Oxygen therapy is a necessary treatment for neonates with hypoxemia. Improper oxygen therapy at the early stage
of the disease may lead to hyperoxygen injury and related complications™, but after entering the stable period, there are
still a variety of different reasons will lead to neonates unable to deoxygenate, hospitalization time, cost consumption,
nosocomial infection risk will significantly increase. What are the main causes of long-term oxygen uptake in neonates?
What are the clinical features? What is the immediate prognosis? At present, there are few research reports at home and
abroad, and most of the reported research objects are focused on children. OLIVEIRA et al.l*”! reported in a study in 2014
that the main cause of long-term oxygen therapy (out-of-hospital home oxygen therapy) in children was BPD (53.5%),
This was followed by bronchiolitis obliterans (14.0%), neurological diseases (10.5%), cystic fibrosis (8.1%), miscellaneous
syndromes (5.8%), sickle cell disease (3.5%), other neonatal lung diseases (2.3%) and interstitial lung diseases (2.3%). The
authors paid attention to long-term oxygen therapy initiated during the neonatal period.

3.1 Gestational age distribution of neonates with long-term oxygen therapy

Among the 115 cases in the observation group, 105 cases (91.3%) were preterm with gestational age < 37 weeks,
including 96 cases at 257°~317¢ weeks gestational age, accounting for 83.5%. The gestational age peaked at 28°~29*° weeks,
63 cases (28 cases at 28~28"° weeks gestational age, 35 cases at 297~ 29*¢ weeks gestational age), accounting for 60%.
Gestational age < 28 weeks occurred in 10 cases (9.5%), and the low proportion was related to the low birth rate of neonates
with < 28 weeks gestational age and thus fewer neonates were enrolled. The younger the gestational age (especially the
gestational age < 28 weeks) and the lower BW, the higher the risk of lung injury caused by exposure to hyperoxygen?land
mechanical ventilation during the tubule or vesicle stage of lung development, and the more likely to develop chronic lung
disease and the need for long-term oxygen therapy'™, which is consistent with the conclusions of POPOVA et al. In addition
to the premature infants, table 1 shows that there were 10 cases (8.7%) with gestational age = 37 weeks, and the gestational
age ranged from 37 weeks to 40 weeks, indicating that long-term oxygen therapy can occur in any gestational age group. In
addition to extremely premature infants, other gestational age groups also need to be paid attention to.

3.2 Distribution of etiology

In this paper, the etiology of neonates receiving oxygen therapy = 28 days was mainly distributed in respiratory system
(73.1%), nervous system (18.3%), circulatory system (10.4%) and genetic metabolic diseases (0.9%). BPD was 37 cases of
respiratory diseases, accounting for 32.2%. LUNA et al® also reported that this disease was the most common cause of long-
term oxygen therapy in neonates. There were 36 cases of neonatal pneumonia, including 4 cases of congenital pneumonia and
32 cases of postnatal infectious pneumonia. The gestational age was less than 35 weeks. According to the 2001 diagnostic
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criteria for BPD, these neonates are often diagnosed with BPD. LIU et al”! reported that lung ultrasound confirmed that
some neonates diagnosed with BPD in the past did not actually have BPD, but other lung diseases such as atelectasis,
pneumonia, severe pulmonary edema, pulmonary edema with focal lung consolidation and so on, which was also confirmed
in this study. There were 20 cases of primary AOP. AOP induced paroxysmal hypoxemia is also a common cause of long-
term oxygen therapy 1, which should be paid enough attention to.Among the pulmonary developmental malformations,
there was 1 congenital cystadenoma, 1 congenital diaphragmatic hernia, 1 severe cleft lip and palate, incomplete atresia of
posterior nostril, 1 laryngeal cyst, glottic stenosis, and 2 laryngotracheal malacia. These diseases could cause obstructive
upper airway dyspnea and require long-term oxygen therapy!'', which was consistent with the results of LO BUE A et all'2.
There were 8 cases of pulmonary hypertension, including 6 cases of secondary pulmonary hypertension and 2 cases of
primary pulmonary hypertension. 4 cases of cyanotic congenital heart disease; One case was epileptic encephalopathy and
one case was glycogen storage disease type II. It can be seen that congenital dysplasia, defects, genetic metabolic diseases
and gene defects are still problems that need to be paid attention to during perinatal period.

Inrecent years, the diagnostic criteria of BPD have been controversial. In this study, 96 premature infants with gestational
age < 32 weeks had BPD according to the NICHD diagnostic criteria of 2001 !, with a morbidity of 96/372(25.8%) and a
fatality rate of 13/96(13.5%). According to the NICHD diagnostic criteria in 2018 [, there were 37 cases (5 cases in this study
were classified as BPD Il A grade due to persistent substantial pulmonary lesions and respiratory failure between 14 days of
postnatal age and PMA 36 weeks ), with a morbidity of 37/372(9.9%) and a fatality rate of 12/37(32.4%). The incidence of
BPD diagnosed according to the 2018 diagnostic criteria was lower than the 2001 diagnostic criteria, while the fatality rate of
BPD was higher than the 2001 diagnostic criteria, which was consistent with the conclusion of Wang Chenhong et al!'*.In this
paper, two diagnostic criteria were adopted for comparison, which was closer to the clinical and pathological characteristics
of neonates with BPD and infectious pneumonia, and avoided missed diagnosis and misdiagnosis. For premature infants,
BPD and pneumonia are still the main causes of long-term oxygen therapy.

3.3 Relationship between long-term oxygen therapy and mechanical ventilation

This study showed that the younger the gestational age, the longer the mechanical ventilation time, the longer the
total oxygen therapy time. The younger the gestational age, the less mature the lung development, the higher the incidence
of neonatal respiratory distress syndrome, such neonates often need invasive and non-invasive respiratory support 4,
Mechanical ventilation can cause lung injuries such as barometric injury, volume injury, collapse injury, flow injury and
chemical injury in neonates '], which can trigger inflammation and oxidative stress response, and then damage the alveoli
and pulmonary blood vessels in neonates, promote the occurrence of BPD !9, and ultimately lead to the occurrence of long-
term oxygen therapy. BRENER et all'’). pointed out that mechanical ventilation is a high risk factor for BPD.

3.4 Short-term prognosis

Deoxygenation rate: in this case, the deoxygenation rate of full-term infants was 5/10(50.0%), the deoxygenation rate of
preterm infants was 90/105 (85.7%), and those without deoxygenation all gave up or died. The etiology of full-term infants
was more complicated than that of preterm infants, and most of them were congenital factors, so the deoxygenation rate
(50.0%) was lower and the prognosis was worse. Premature infants, especially those with gestational age < 32 weeks, have
a high incidence of oxygen therapy = 28 days, but the final outcome is optimistic. Mortality: Of the 115 neonates in this
paper, a total of 20 gave up or died. Among them, 37 patients were diagnosed as BPD, and 12 died (10.4%). There were 36
cases of neonatal pneumonia, and 0 cases died. One case of congenital cystadenoma of lung was discharged after operation.
One case with congenital diaphragmatic hernia died of pulmonary dysplasia. Severe cleft lip and palate, posterior nostril
incomplete atresia, laryngeal cyst, glottic stenosis, 2 laryngotrachealacia, 0 death. Pulmonary hypertension was reported in
8 patients, and 1 patient died. Four cases of cyanotic preheart died after giving up treatment. There was 1 case of epileptic
encephalopathy and 1 case of glycogen storage disease type II. The death cases may be related to the severe condition, poor
prognosis, difficult treatment and low willingness of family members to treat.

In conclusion, oxygen therapy = 28 days can occur in any gestational age group, but the causes of long-term oxygen
therapy are different in different gestational ages. The main cause of premature infants under 32 weeks of gestational age
is still BPD, the main cause of premature infants between 32" and 34 weeks gestational age is neonatal pneumonia,
and the main cause of premature infants over 35 weeks gestational age and full term infants is congenital dysplasia and
genetic metabolic diseases. According to different gestational ages, it is still a long way to take active measures to prevent
preterm birth, reduce the duration of mechanical ventilation, prevent infection, strengthen screening and health care during
pregnancy, so as to reduce congenital developmental abnormalities, etc.
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