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ABSTRACT 

Introduction: Premature births account for more than 10% of infant births worldwide annually. Preterm care and treatment are faced 

with difficulties given the lack of medical facilities and well-qualified healthcare personnel. This study investigated transferred 

preterm cases in a pediatric central hospital in Vietnam. Methods: This cross-sectional study was conducted at Children’s Hospital 

Number 2 from June 2017 to May 2018. Preterm infants (aged 26–32 weeks) who were transferred to the hospital within 72 hours 
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after birth and satisfied criteria were included in the research. Cox and logistic regressions were conducted to predict mortality risk 

among the infants. Results: The highest mortality rate was 10.2%, observed among the group aged 26 to 28 weeks (48.3%). From 50 

to 80 days after birth, this risk increased to 50%. The factors associated with infant death were ages between 26 and 28 weeks, 

intracerebral hemorrhage, patent ductus arteriosus, platelet transfusion, and parenteral nutrition >7 and >14 days. Conclusion: Low 

birth age, parenteral nutrition >14 days, and complications due to preterm birth significantly increased the mortality risk of the 

preterm infants. 

 

Keywords: childcare, child mortality, complication, parenteral nutrition, hospital transfer, Vietnam. 

 

 

1. INTRODUCTION 

Every year around the world, mothers give birth to about 135 million infants, of whom premature births account for more than 10%. 

In 2011, the United Nations Children’s Fund (UNICEF) estimated that approximately 3 million neonatal deaths occurred globally and 

that 35% of these cases were due to premature birth and complications (WHO, 2012; WHO, 2019). Premature death is the second 

leading cause of neonatal mortality after fatality from pneumonia. In Vietnam, approximately 18,000 newborns die every year, 

according to a report by the WHO (2012) and WHO (2019).  

The newborn stage is the period that starts from birth to 28 days after delivery. In the first seven days, infants have to adapt 

gradually to a new environment that considerably differs from the environment inside the womb. Their immune system is very weak, 

rendering them vulnerable to diseases and the problems stemming from informal care. These are the reasons why neonatal 

mortality occurs mainly during the first seven days of life. This risk is many times higher among premature infants and inversely 

proportional to gestational age (WHO, 2012; WHO, 2019; Mandy et al., 2013). Mortality in preterm infants is higher than that in full-

term infants because of the former’s immature organs, respiratory failure due to hyaline membrane disease, neonatal infection 

owing to a weak immune system, and brain hemorrhage. Even when they are saved from death, premature infants contend with 

various complications, such as cognitive disorders, cerebral palsy, chronic pulmonary disease, hearing disorders, and retinopathy 

(Mandy et al., 2011; Mandy et al., 2013). 

In the last two decades, modern medicine has achieved great innovations in managing and treating premature infants. Examples 

of these advancements are antenatal corticosteroids, alternative surfactant therapy, and nasal continuous positive airway pressure 

(NCPAP) therapy upon premature respiratory failure. Despite these efforts, however, premature birth remains a major cause of 

neonatal mortality, thus imposing tremendous burdens on societies and healthcare systems (WHO, 2012). In Vietnam, limitations 

come in the form of not only human resources but also medical facilities in most local or provincial hospitals. Healthcare employees 

are also inexperienced, lacking continuous medical education, and equipment for newborn care and treatment, especially for 

premature infants, is either unsuitable or unavailable. In some provincial hospitals in the country, deaths due to preterm birth and 

complications remain high and are even greater than the world average. These problems are exacerbated by the recent increase in 

transfers from local healthcare centers to central hospitals prompted by preterm complications.  

A necessary requirement, therefore, is to recognize the pattern of diseases and explore treatments and interventions for preterm 

infants. This information will be useful for resource re-allocation intended to reduce pressure on central hospitals. Correspondingly, 

this study was directed toward preterm cases in a central pediatric hospital in Vietnam to investigate the situation of preterm 

treatment, determine the mortality stemming from premature birth, and explore the predictors of mortality risk among preterm 

infants. 

 

2. METHODOLOGY 

Study design and study site 

This cross-sectional research was conducted at Children’s Hospital Number 2 in Ho Chi Minh City, Vietnam from June 2017 to May 

2018. The hospital is one of the three largest healthcare facilities that specialize in pediatrics in the southern region of the country. 

The hospital mainly receives severe cases that are transferred from primary healthcare centers, local hospitals, or other general 

hospitals.  

 

Study subjects and sampling procedure 

The inclusion criteria were being a preterm infant aged 26 to 32 weeks and transfers to the case hospital within 72 hours after birth. 

The parents of these infants were invited to participate in the study. Those who declined to take part in the research were excluded, 
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along with infants afflicted with the following conditions: brain herniation, severe congenital heart defects, hydrocephalus, 

gastrointestinal defects, and severe perinatal asphyxia. 

 

Guidelines for diagnosis 

Birth age was estimated on the basis of the last menstrual period of the mother or antenatal ultrasound scans. In case of unknown 

ages, we carried out calculations in accordance with the new Ballard score (Gomella et al., 2013; Craig, 2012), after which birth age 

was rounded into weeks. The administration of antenatal corticosteroids was identified from medical records. In cases where no such 

documentation was found, this information was marked as unknown.  

Complications due to preterm birth, including hyaline membrane disease, bronchopulmonary dysplasia, patent ductus arteriosus, 

sepsis, hospital-acquired pneumonia, hypoglycemia, necrotizing enterocolitis, retinopathy of prematurity, and intracerebral 

hemorrhage, were diagnosed on the grounds of clinical symptoms and the results of sub-clinical tests (X-ray, heart ultrasound, 

pulmonary ultrasound). For infants with patent ductus arteriosus, oral ibuprofen was indicated for subjects who were threatened but 

not lactose intolerant. In case of failure in initial administration, secondary dispensation of a higher dose and/or a different active 

ingredient was indicated. Infants for whom ibuprofen treatment failed or the medication was contraindicated were prescribed 

cathedral-based closure (infants with birth weights ≥1500 g) or surgical closure (infants with birth weights <1500 g) (Philips et al., 

2013).  

 

Statistical analyses 

Data from medical records were entered into Microsoft Excel (version 2010) for management. The Statistical Package for the Social 

Sciences (version 20.0) was used in data analyses, namely, descriptive statistical analysis, comparison tests, Cox regression, and 

logistic regression. Logistic regression was conducted in two steps: univariate regression (step 1) and multivariate regression (step 2). 

The dependent variable was a discrete variable of infant mortality (i.e., died or survived). The independent variables that registered 

as significant (p<0.05) in the first step of the logistic regression were included in the second-step analysis. 

 

Ethical approval 

The study protocol was approved by the Science Research Committee of Children’s Hospital Number 2 (No.24/HĐĐĐ-BVNĐ2, 

March 1, 2017). The participants were informed of their right to refuse participation or withdraw from the survey at any time without 

consequences. No details that could point to the participants’ identities were reflected on the questionnaires, and only members of 

the research team were authorized to collect information on the participants. 

 

3. RESULTS 

Table 1 shows the characteristics of the newborns before they were transferred to the case hospital. The average age of the subjects 

was 30.9±2.0 weeks, and 46% of them were born between 32 and 34 weeks of their mothers’ pregnancy. The majority were male 

(55.8%) and transferred from provincial hospitals (56.7%). Less than 17% of the mothers were treated with steroids before they gave 

birth. On the way from a previously admitting hospital to Children’s Hospital Number 2, 57.7% of the infants were provided oxygen 

therapy, after which 89.8% of those treated survived.  

 

Table 1 Characteristics of infants (N=215) 

Birth age (weeks)   

  Mean (SD) 30.9 (2.0) 

  Median (Min-Max) 31 (26-34) 

  26-28 29 (13.5) 

  29-31 87 (40.5) 

  32-34 99 (46.0) 

Birth weight (grams)    

  Mean (SD) 1568.6 (348.4) 

  Median (Min-Max) 1500 (800-2500) 

  <1000 5 (2.3) 

  1000-1499 76 (35.4) 

  ≥1500 134 (62.3) 
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Gender   

  Male 120 (55.8) 

  Female 95 (44.2) 

Health facility before transference   

  Local hospital 46 (21.4) 

  Maternity and obstetrics hospital 47 (21.9) 

  Provincial hospital 122 (56.7) 

Antenatal steroid therapy before transference 

  Yes 35 (16.3) 

  No 57 (26.5) 

  Unknown 123 (57.2) 

Diagnosis before admission   

  Hyaline membrane disease 162 (75.4) 

  Neonatal infection  14 (6.5) 

  Pneumonia 4 (1.9) 

  Infant apnea  28 (13.0) 

  Others 22 (10.2) 

Respiratory support during transference   

  Oxygen therapy 124 (57.7) 

  NCPAP 29 (13.5) 

  BVM ventilation or endotracheal intubation  30 (13.9) 

  None 32 (14.9) 

Outcome   

  Survival 193 (89.8) 

  Mortality 22 (10.2) 

Note: Data presented as n (%) unless state otherwise; Abbreviation: BVM, bag-valve 

mask; NCPAP, nasal continuous positive airway pressure; SD, standard deviation 

 

The differences in clinical treatments among the infants grouped by birth age are listed in Table 2. The treatment period for 32-

to 34-week-old infants significantly decreased compared with the period required for 26-to 28-week-old infants (p<0.001). The 

incidence of complications due to preterm birth in the group aged 26 to 28 weeks was higher than that in the group aged 32 to 34 

weeks. In particular, all the infants in the former were diagnosed with hyaline membrane disease, 93.1% of them suffered from 

sepsis, and 79.3% of them contracted pneumonia. The infants aged 26 to 28 weeks also required more serious treatment. All of them 

were administered caffeine citrate, 93.1% were transfused with red cell concentrates, 86.2% received oxygen therapy, and 79.3% 

underwent NCPAP therapy. In addition, a low birth age meant a high incidence of lactose intolerance (p<0.001). The Cox regression 

indicated that the infants aged 29 to 31 weeks had a risk of mortality 0.37 times lower than that faced by the infants aged 26 to 28 

weeks. The infants aged 32 to 34 weeks were exposed to a mortality risk 0.12 times lower than that to which the youngest group 

was exposed.  

 

Table 2 Comparison of the clinical characteristics of infants grouped by birth age (N = 215) 

 26-28 weeks 29-31 weeks 32-34 weeks Total P-value 

Treatment period      

  Mean (SD) 53.3 (27.1) 32.4 (17.9) 18.2 (7.5) 28.7 (19.7) <0.001§ 

  Median (Min-Max) 47 (3-123) 29 (2-98) 17 (1-44) 23 (1-123) 0.001† 

Complications due to preterm birth after 

transference 
     

  Hyaline membrane disease 29 (100) 77 (88.5) 68 (68.7) 174 (80.9) <0.001* 
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Bronchopulmonary 

dysplasia 
10 (34.5) 9 (10.3) 1 (1.0) 20 (9.3) <0.001* 

  Patent ductus arteriosus  10 (34.5) 18 (20.7) 3 (3.0) 31 (14.4) <0.001* 

  Sepsis 27 (93.1) 60 (69.0) 39 (39.4) 126 (58.6) <0.001* 

  
Hospital-acquired 

pneumonia 
23 (79.3) 41 (47.1) 23 (23.2) 87 (40.5) <0.001* 

  Hypoglycemia 5 (17.2) 25 (28.7) 10 (10.0) 40 (18.6) 0.005‡ 

  Necrotizing enterocolitis 7 (24.1) 6 (6.9) 2 (2.0) 15 (7.0) <0.001* 

  Retinopathy of prematurity 1 (3.5) 2 (2.3) - 3 (1.4) 0.246* 

  Intracerebral hemorrhage  3 (10.3) 8 (9.2) 1 (1.0) 12 (5.6) 0.012* 

Respiratory interventions      

  NCPAP 23 (79.3) 84 (96.6) 88 (88.9) 195 (90.7) 0.001* 

  Oxygen therapy, n(%) 25 (86.2) 42 (48.3) 28 (28.3) 95 (44.2) <0.001‡ 

  
Oxygen therapy period, 

mean (SD) 
28.6 (16.3) 12.5 (11.6) 8.2 (6.1) 15.5 (14.2) <0.001§ 

  
Oxygen therapy period, 

median (min-max) 
28 (3-77) 6 (1-48) 6 (2-28) 10 (1-77) <0.001† 

  Surfactant administration 19 (65.5) 39 (44.8) 26 (26.3) 84 (39.1) 0.001‡ 

  
Caffeine citrate 

administration 
12 (100) 69 (67.0) 40 (40.8) 121 (56.3) <0.001* 

  
Transfusion of red cell 

concentrates 
27 (93.1) 43 (49.4) 12 (12.1) 82 (38.1) <0.001‡ 

  Platelet transfusion 20 (69) 21 (24.1) 2 (2.0) 43 (20.0) <0.001‡ 

  Plasma transfusion 19 (65.5) 48 (55.2) 27 (27.3) 94 (43.7) <0.001‡ 

Parenteral nutrition therapy      

  
Lactose intolerance 

<60ml/kg (a) 
28 (96.6) 76 (87.4) 62 (62.6) 166 (77.2) <0.001‡ 

  
Parenteral nutrition > 7 

days (b) 
27 (93.1) 73 (83.9) 61 (61.6) 161 (74.9) <0.001‡ 

  
Parenteral nutrition > 14 

days (c)  
17 (58.6) 36 (41.4) 20 (20.2) 73 (34.0) <0.001‡ 

  
Lactose intolerance (a or b 

or c) 
9 (31.0) 18 (20.7) 4 (4.0) 31 (14.4) <0.001* 

Mortality risk       

  Mortality rate 14 (48.3) 7 (8.1) 1 (1.0) 22 (10.2) <0.001* 

  Hazzard ratio€ 1 0.37 (0.14-0.95)$ 0.12 (0.01 - 1.07)#   

Notes: Data are presented as n (%) unless stated otherwise. *Fisher’s exact test; ‡Chi-square test; §t-test; †Kruskal–Wallis test; €Cox 

regression; $p = 0.041; #p = 0.120. 

 

Figure 1 shows that among 31 infants afflicted with patent ductus arteriosus, 26 were treated with ibuprofen, 3 underwent 

surgery, and 2 were treated via a catheter-based procedure. Among the cases administered ibuprofen, 16 were successful cases on 

first use, 3 succeeded on second use, and 7 cases failed. Figure 2 indicates that the risk of mortality confronting the 29-to 31-week-

old infants approximately doubled in the case of the 26-to 28-week-old infants in 50 out of 100 analysis runs.  

The univariate logistic regression uncovered 12 factors significantly associated with the risk of mortality in low-birth-weight 

preterm infants (p<0.05) (Table 3). Among these determinants, platelet transfusion was the strongest, that is, the one with the 

largest crude odds ratio (30.24). Among these factors, six were identified in the multivariate regression as predictive of mortality in 

infants. The infants aged 29 to 31 weeks exhibited a mortality risk 0.11 times lower than that to which the 26- to 28-week-old infants 

were exposed. The lactose-intolerant infants (given parenteral nutrition for more than 14 days) had a risk of mortality 38.3 times 

higher than those who did not have this condition. 
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Figure 1 Treatment of infants with patent ductus arteriosus (N = 31) 

 

 

 

Figure 2 Kaplan–Meier mortality curves ininfants grouped by birth age (N = 215) 

 

 

Table 3 Logistic regression analysis for predicting mortality risk (N=215) 

  cOR* P-value 95%CI aOR# P-value 95%CI 

Birth age (ref: 26-28 weeks)       

  29-31 weeks  0.09 <0.001 0.032-0.27 0.11 0.002 0.03-0.43 

  32-34 weeks 0.011 <0.001 0.001-0.089    

(Presence of) intracerebral hemorrhage  11.68 <0.001 2.71-48.4 6.6 0.049 1-43.56 

(Presence of) bronchopulmonary dysplasia 4.8 0.009 1.31-15.55    



                             

© 2020 Discovery Publication. All Rights Reserved. www.discoveryjournals.org     OPEN ACCESS 

 
 

P
ag

e1
8

8
4
 

ARTICLE ANALYSIS 

(Presence of) hospital-acquired pneumonia 8.1 <0.001 2.5-33.8    

(Presence of) patent ductus arteriosus  7.15 0.03 0.81-330.9 3.5 0.044 0.88-13.60 

(Presence of) sepsis 8.2 0.001 1.89-73.8    

(Presence of) necrotizing enterocolitis 5.4 0.011 1.27-19.62    

(Presence of) oxygen therapy 9.75 <0.001 2.7-52.6    

Transfusion of red cell concentrates 45.4 <0.001 6.9-1892.7    

Platelet transfusion 30.24 <0.001 8.8-129.3 6.5 0.011 1.53-27.40 

Parenteral nutrition > 7 days 2.6 0.031 0.96-7.10 0.05 0.015 0.004-0.560 

Parenteral nutrition > 14 days 10.9 <0.001 3.7-32.2 38.3 0.003 3.50-416.70 

Note:*Crude odds ratio (univariate regression); #Adjusted odds ratio (multivariate regression) 

 

4. DISCUSSION 

Among 215 infants transferred to Children’s Hospital Number 2, 90.7% were prescribed NCPAP therapy during the transfer or 

immediately after admission. Approximately three-fourths of the cases were diagnosed with hyaline membrane disease before 

transfer, thus leading to a high percentage of NCPAP administration. NCPAP therapy is a safe and effective treatment for premature 

infants presenting with early respiratory failure. In premature infants with respiratory failure due to hyaline membrane disease, early 

NCPAP therapy is encouraged instead of the use of preventive surfactants, which is suggested in cases wherein respiratory 

depression develops. Our results are similar to those of Lutz et al. (2013), who reported that 40% to 87.4% of their cases were 

subjected to NCPAP therapy, and those derived by Bolisetty et al. (2015), who stated that such an intervention was provided to 

88.2% to 95.2% of their cases. 

In the current work, as well, disease severity before transfer, combined with ineffective care after birth at a primary hospital, 

drove the extensive implementation of oxygen therapy (44.2%), which these levels much higher than those (20.3%) reported by Lutz 

et al., (2013).  In our study, all the premature infants with hyaline membrane disease who were transferred from other hospitals were 

not given early NCPAP therapy. Surfactants were also administered late, 6 hours after birth, so the effects of surfactant pumps were 

not the same as those achieved had this intervention been implemented at an earlier time. Early intervention is an important factor 

in prolonging the duration of oxygen therapy (Craig, 2012; Cloherty et al., 2008; Bohlin, 2012). Neonatal oxygen therapy increases 

the risk of hospital-acquired infections, pneumonia, bronchopulmonary dysplasia, and elevated mortality; prolongs hospital stay; and 

increases treatment costs (Barton et al., 1999; Henderson‐Smart & Steer, 2010; Jensen & Schmidt, 2014; Munson & Evans, 2012). 

Good antenatal care and the standardization of prenatal care practices in primary hospitals reduce the frequency of hospital 

transfers and the incidence of severe diseases, especially among premature infants with hyaline membrane disease Bhutta et al., 

2013). These favorable effects, in turn, reduce pressure on central health facilities (Bhutta et al., 2013).  

Caffeine citrate was administered to 56.3% of the entire sample on average, but this medication was provided to all the youngest 

subjects (i.e., 26–28 weeks old). Caffeine citrate is routinely recommended for infants weighing <1250 g early after birth, continuing 

until the infants show no symptoms of apnea. Several studies have demonstrated that the use of caffeine citrate improves the 

prognosis of neurological complications at 18 to 21 months, thereby also addressing the complications of bronchopulmonary 

dysplasia (Stark, 2004). It is also recommended for use before weaning through a ventilator and for premature infants who have 

symptoms of excessive apnea. Caffeine citrate is increasingly proven to be applicable and effective in clinical practice.  Lactose 

intolerance was one of the factors most strongly associated with infant mortality in this study. The condition prevented the infants 

from ingesting milk, thus prompting the use of a catheter, which considerably caused hospital-acquired infections. Given the high 

percentage of severe conditions, the proportion of infants receiving parenteral nutrition for more than 7 days ranged from 20.2% to 

58.6%, whereas those administered parenteral nutrition for more than 14 days ranged from 4.0% to 31.0%. Lutz et al. (2013) 

reported substantially lower percentages, with only 1.6% to 13.0% of their subjects receiving this type of therapy. Identifying issues 

related to gastrointestinal and intravenous nutrition plays an important role in neonatal intensive care, allowing the provision of full 

intravenous feeding preparations. This is one of the technical needs to be achieved for the care of low-birth-weight infants in 

intensive neonatal care units, in addition to respiratory support and equipment (Lutz et al., 2013; Taeusch et al., 2005). 

In this research, the mortality rate was 10.2%, and all the infants who passed away had been diagnosed with hyaline membrane 

disease. Six of the infants died within 7 days of age (27.3% of all deaths), and all the six mothers did not receive steroids before 

giving birth. Only one infant (1%) in the 32- to 34-week-old group died. This infant was transferred from a provincial hospital and 

diagnosed with grade 4 hyaline membrane disease. He was also administered bag valve mask ventilation to ease breathing during 

the hospital transfer but died within 24 hours after hospitalization. Various mortality rates were reported by other researchers, such 
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as Hossain et al. (2015), Wariki et al. (2013), and Suciu et al. (2014), who found rates of 6.8% to 8.1%, 15.2%, and 57%, respectively. 

Preterm infants with low birthweights, especially those aged <32 weeks, simultaneously suffered from many complications related to 

preterm birth. These complications interact with each other; for example, patent ductus arteriosus or sepsis may increase the risk of 

necrotizing enterocolitis, bronchopulmonary dysplasia, and prolonged venous feeding (Mandy et al., 2011; Tauzin et al., 2012; 

Bakhuizen et al., 2014). During treatment, children may receive multiple interventions at one time, as well as suffer from other 

diseases and complications. As can be seen, many factors are related to complicated effects on treatment outcomes, which require 

clarification through multivariate modeling. On the basis of our multivariate analysis of mortality risk factors, we found that a 

necessary requirement is to directly or indirectly manage the identified determinants to reduce risks and mortality rates. We also 

discovered that severe patent ductus arteriosus, which exerts hemodynamic effects, can be treated favorably with oral ibuprofen 

administration, with the closure rate after the first treatment being 61.5% and that after second treatment being 73%. 

The limitations of this work are worth noting. First, the study extracted information from medical records that were transferred 

from primary hospitals along with the patients. Some information was therefore missing, such as the history of pregnancies and 

genetic characteristics or risk factors from mothers. Therefore, we could not assess their effects on treatment. Second, because of 

time and staff limitations, the effectiveness and guideline compliance of treatments were underexplored. Future research is needed 

to fill this gap. 

 

5. CONCLUSION 

In this research, the infants with low birth ages suffered from a high-risk of mortality. Parenteral nutrition exceeding 14 days was 

most strongly associated with infant death. Complications due to preterm birth also significantly increased mortality risk among the 

subjects. This information will be useful for reallocating resources to reduce pressure on central hospitals, strengthen management 

appropriate for the treatment of preterm birth, reduce the mortality and risk mortality in preterm infants. 
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