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Factors associated with long-term mechanical ventilation in preterm 

infants <29 weeks of gestational age  

Mechanical ventilation has been one of the most important current interventions 

in neonatology for lifesaving support of neonates with respiratory failure. The 

majority of preterm infants with less than 29 weeks of gestational age need some 

kind of respiratory support. The aim of this study was the identification of risk 

factors associated with long-term mechanical ventilation in preterm infants below 

29 weeks of gestational age. 

A retrospective observational study was performed from 1st January 2011 to 30th 

June 2018. All infants with less than 29 weeks of gestational age who were 

mechanically ventilated were included in the study. The cut-off point for long-

term mechanical ventilation was defined as 28 days of mechanical ventilation 

(75th centile).  

From the 50 neonates included in the study, 13 (26%) had prolonged mechanical 

ventilation and 37 (74%) without long-term mechanical ventilation. The 

univariate analysis showed the following risk factors for long-term mechanical 

ventilation: gestational age; birth weight; maternal infectious risk; duration of 

oxygen therapy; the need of vasoactive amines in NICU; mean blood pressure in 

the first hour of life; pneumothorax; duration of parenteral nutrition and length of 

stay in NICU. The multivariate analysis showed an association between 

gestational age (OR 0.195, 95% CI 0.02-0.73, p=0.016) and pneumothorax (OR 

81.065, 95% CI 1.73-3814.46, p=0.025) with prolonged mechanical ventilation, 

adjusted to birth weight, bronchopulmonary dysplasia, persistent ductus 

arteriosus and infectious risk.  

Thus, pneumothorax and lower gestational age seem to be independent risk 

factors of long-term mechanical ventilation in newborns <29 weeks of gestational 

age.  

Our findings highlight the crucial role of further larger trials focussing on 

identifying preterm newborns with risk factors associated with long-term 

mechanical ventilation in order to reduce neonatal morbidity and mortality, thus 

establishing preventive strategies, which in this case consists in reducing the 

number of preterm deliveries and reducing the incidence of pneumothorax in 

newborns. 

Keywords: risk factors; long-term mechanical ventilation; preterm infants; 

newborns; neonatal intensive care unit  



Introduction 

Newborns have particular physiological characteristics such as small airway 

caliber, few collateral airways, compliant chest wall, poor airway stability and low 

functional residual capacity. [1]  

Mechanical ventilation has been one of the most important current interventions 

in neonatology for lifesaving support of neonates with respiratory failure. [2]  

The majority of preterm infants with less than 30 weeks of gestational age, 

especially those with fewer weeks of gestation, need some kind of respiratory support. 

[3] In addition to the administration of antenatal steroids and replacement surfactant 

therapy, mechanical ventilation has been improving the newborn survival, mainly for 

premature infants below 29 weeks of gestational age with immature lung function [2], 

that have a high risk of morbidity and mortality. [4] 

The mains goals and advantages of neonatal mechanical ventilation during 

respiratory failure are the improvement gas exchange, mostly by lung recruitment to 

become ventilation/perfusion matching better, and the reduction the work of breathing. 

[5, 6] 

Despite its benefits, prolonged mechanical ventilation in the extremely 

premature newborns may induce chronic lung injury culminating in bronchopulmonary 

dysplasia (BPD) [7] – a major complication of prematurity –, particularly in premature 

infants in whom the incidence of BPD remains high. [8]  

DBP has been described as a state of inflammation, architectural disruption, 

fibrosis, and disordered/retarded development of the newborn lung. In addition to 

important complications in the neonatal period, BPD is related with continuing 

mortality, cardiopulmonary dysfunction, rehospitalization, growth failure and poor 

neurodevelopment outcome after hospital discharge. [9] 



The aim of this study was the identification of risk factors associated with long-

term mechanical ventilation in preterm infants below 29 weeks of gestational age. 

 

Materials and methods 

A retrospective observational study of all newborns with less than 29 weeks of 

gestational age who were born between the 1st January 2011 and the 30th June 2018 and 

admitted at our center, a Level III Neonatal Intensive Care Unit (NICU) was performed. 

Neonates below 29 weeks of gestational age, born in our center and transferred 

after birth to the NICU, who have undergone any type of mechanical ventilation during 

hospitalization until the moment they were in spontaneous breathing, were included in 

the study. 

Exclusion criteria were the following: all out born neonates, those transferred to 

another hospital, those died during hospitalization while still undergoing mechanical 

ventilation and newborns who have not undergone mechanical ventilation or have 

received only continuous positive airway pressure (CPAP) during hospitalization. 

The cut-off point for long-term mechanical ventilation was defined after 

analysing the percentiles 25, 50 and 75, considering days of mechanical ventilation as 

the outcome. Thus, we chose the 75th percentile, corresponding to 28 days of 

mechanical ventilation was the cut-off point for long-term mechanical ventilation.  

All the data were collected from the hospital electronic clinical database and 

medical records of the patients. 

Data collected included: 

• Individual characteristics of the mother and prenatal period – maternal chronic 

diseases prior to pregnancy, maternal pregnancy diseases (gestational diabetes, 



hypertension, pre-eclampsia, HELLP syndrome, infectious risk), maternal habits 

during pregnancy (tobacco, drugs), fetal growth restriction, abnormal umbilical 

blood flow, abnormal placenta, clinical and histological chorioamnionitis, 

premature rupture of membranes, antenatal corticosteroids, prophylactic 

antibiotic; 

• Peripartum period: type of delivery, Apgar Score at 1st minute and 5th minute; 

• Demographic characteristics: gender, gestational age, birth weight, multiple 

gestation, medically assisted reproduction; 

• Management in the delivery room: resuscitation at birth (adrenaline, oxygen 

(O2), positive pressure, endotracheal intubation, compressions); 

• Laboratory data collected in the first hour of life: umbilical cord pH, hemoglobin 

(g/dL), mean blood pressure (mmHg);  

• Management and evolution in the NICU: days of mechanical ventilation, 

Continuous Positive Airway Pressure (CPAP) and days of CPAP, the need of O2 

therapy and days of supplementary of O2, umbilical artery catheter, umbilical 

vein catheter, need for surfactant, vasoactive amines, blood cells transfusion, 

early and late onset sepsis, pneumothorax, hyaline membrane disease, 

bronchopulmonary dysplasia, persistent ductus arteriosus (medical and/or 

surgical treatment), necrotizing enterocolitis (if grade ≥ 2), intraventricular 

hemorrhage (if grade ≥ III), cystic periventricular leukomalacia, retinopathy of 

prematurity (if grade ≥ 2), hydrocephalus with periventricular derivation (shunt 

or reservoir), parenteral nutrition and days of parenteral nutrition, length of stay 

in NICU. 

Gestational age was evaluated by post-menstrual age, ultrasound examination or 

the New Ballard Score (in the absence of obstetrical indexes). [10, 11] Small for 



gestational age was characterized as a birth weight below the 3rd centile of Fenton’s 

growth charts. [12] 

A protocol for positive pressure ventilation that includes different ventilatory 

strategies according to different lung diseases and favors the use of permissive 

hypercapnia is established in our NICU. For the very low birth weight infants nasal 

nCPAP just after birth is the preferable mode of ventilation. [13] nCPAP is done using 

Infant Flow (Pulmocor, USA). SIPPV was available with guaranteed volume on all 

ventilators (Babylog 8000; Drager, Germany or Fabian; Acutronic, Switzerland). HFOV 

is performed as a rescue ventilation mode. 

Sepsis was considered when there was a positive blood culture, combined with 

clinical and laboratory parameters. [14] 

Pneumothorax was diagnosed by chest radiography and the type of 

pneumothorax was assessed according to clinical setting and medical history. [15]  

BPD was diagnosed according to the NIH Consensus definition. [16] 

Patent ductus arteriosus (PDA) was defined according to SIBEN consensus. [17] 

Necrotizing enterocolitis (NEC) was determined by clinical findings and 

radiological features, according to the modified Bell criteria. [18] 

Intraventricular hemorrhage (IVH) was defined according to Papile [19] and 

Volpe [20] (before and after 2010, respectively), intraventricular bleeding with 

ventricular dilatation is classified as IVH III and with parenchymal involvement as IVH 

IV. 

Cystic periventricular leukomalacia (PVL) was diagnosed by ultrasound. [21] 

Retinopathy of prematurity (ROP) was determined and classified according to 

the International Classification of Retinopathy of Prematurity revised. [22]  



This study was approved by our institutional ethics committee and access to 

medical records was authorized by the office designated for this function.  

 

Statistical analysis 

Statistical analysis was performed using SPSS, version 25. Categorical variables 

were analysed by absolute and relative frequencies and continuous variables were 

analyses according to their distribution by mean (± standard deviation) for symmetric 

distribution or median (minimum-maximum) for asymmetric distribution. Categorical 

variables were evaluated by Chi-square or Fisher’s Exact Test and continuous variables 

by Independent T Test or Mann-Whitney U Test. Predictors for long-term mechanical 

ventilation were evaluated by a multivariate analysis using logistic regression. A p value 

less than 0.05 was considered as statistically significant. 

 

Results 

Out of 178 neonates, 50 were included in the study, 13 (26%) had prolonged 

mechanical ventilation (³28 days) and 37 (74%) without long-term mechanical 

ventilation (<28 days). Twenty-six (52.0%) neonates were males, with mean gestational 

age 26.70 (±1.093) weeks and mean birth weight was 915.20 (±199.056) grams.  

Comparing neonates under long-term ventilation with controls, the univariate 

analysis showed: both lower gestational age [25.77 (±0.927) weeks vs 27.03 (±0.957) 

weeks; p<0.001] and lower birth weight [770.77 (±118.530) g vs 965.95 (±197.659) g; 

p=0.002] were risk factors for long-term mechanical ventilation group; both maternal 

infectious risk [5 (38.5%) cases vs 26 (70.3%) controls; p=0.042] and mean blood 

pressure in the first hour of life [27.58 (±7.255) mmHg vs 34.17 (±9.056) mmHg; 



p=0.031] were significant lower in long-term mechanical ventilation group; the total 

number of days of supplementary oxygen [98 (1-107) days vs 26 (0-109) days; 

p<0.001], vasoactive amines in the NICU [3 (60%) cases vs 0 controls; p=0.006]; the 

total number of days of parenteral nutrition [42 (0-90) days vs 24.5 (0-53) days;  

p=0.001] and length of stay in NICU [108 days (92-191) vs 76 (22-136) days; p<0.001], 

all of them demonstrated a significant increase in prolonged mechanical ventilation 

cases; besides that, pneumothorax also shown to had a prevalence significantly higher in 

the prolonged mechanical ventilation group [4 (30.8%) cases vs 1 (2.7%) control; 

p=0.013] (Table 1). 

The multivariate analysis showed an association between gestational age (OR 

0.195, 95% CI 0.02-0.73, p=0.016) and pneumothorax (OR 81.065, 95% CI 1.73-

3814.46, p=0.025) to long-term mechanical ventilation, adjusted to birth weight, 

bronchopulmonary dysplasia, persistent ductus arteriosus and infectious risk (Table 2). 

 

Discussion 

Lower gestational age and birth weight were more likely to occur in patients 

needing long-term mechanical ventilation, findings consistent with other studies. [23] 

After multivariate analysis, the only factor which remained significant among the last 

two was gestational age. The association between gestational age and birth weight with 

prolonged mechanical ventilation can be possibly explained by the fact of this particular 

cohort of neonates born at the extremes of viability. Furthermore, considering the issue 

of birth weight does not demonstrate association when using a multiple logistic 

regression may be probably explained by the fact that the variation in gestational age 

studied is limited (25-28 weeks), as in the Yossef et al. study. [23] 



Pneumothorax happens more often in the neonatal period and is associated with 

increased morbidity and mortality. [15, 24] Pneumothorax is a relatively usual 

demanding condition in the NICU and may occurs symptomatically in about 3.8% to 

9% in low birth weight infants. [25, 26, 27] The prevalence of pneumothorax was 

higher among term and early preterm infants admitted to the NICU; besides that, 

morbidity and mortality associated with pneumothorax were significantly higher in 

early preterm newborns. [24] In our study, it has been demonstrated that pneumothorax 

is higher in the long-term mechanical ventilated group, findings consistent with other 

studies, which state that pneumothorax prolongs length of stay in NICU in preterm 

newborns by the need for prolonged mechanical ventilation [23, 28] (a requirement for 

chest tube drainage, which is part of the treatment of pneumothorax [27, 28]). 

The majority of preterm newborns receive parenteral nutrition in the first weeks 

of life due to transient gut immaturity. [29] In addition, suboptimal nutrition is 

associated with adverse outcomes such as increased susceptibility to infections, 

increased need for mechanical ventilation, and development of chronic lung disease, 

according to other studies. [30] After an univariate analysis, our study demonstrated that 

the total number of days of parenteral nutrition shown to be significantly higher in 

prolonged mechanical ventilation group, findings consistent with other studies. [30] 

Besides that, Comert et al. study [31] suggests that some strategies such as the 

use of prenatal steroids, prevention of asphyxia and sepsis, implementation of less 

aggressive ventilation techniques with early weaning approaches from mechanical 

ventilation may further reduce the need for mechanical ventilation and consequently, 

shorten the length of stay in NICU. Our findings demonstrated that the length of stay in 

NICU, as expected [23], was significantly higher in long-term mechanical ventilation 

group. 



Limitations of this study include its retrospective nature and small sample.  

The introduction of mechanical ventilation in the NICU during the 1960-70s 

[32] and their judicious use since then, have revolutionized the outcome and survival of 

ill newborns. [33] Since its beginning, neonatal mechanical ventilation has been 

recognized a crucial tool for the management of preterm newborns with respiratory 

distress syndrome and is still considered an essential element of neonatal respiratory 

care continuum [34]. 

Despite its benefits, prolonged mechanical ventilation in the extremely 

premature newborns may induce chronic lung injury culminating in BPD [7], a major 

complication of prematurity, due to their greater vulnerability to mechanical ventilation 

in the phase following birth, because their lungs are partially filled with amniotic fluid, 

they are not uniformly ventilated and their surfactant content is generally insufficient. 

BPD is a common occurrence in extremely low birth weight preterm infants and its 

incidence ranges from 30% to 75% among newborns with birth weight <1,000 g. [35]  

The main risk factors for BPD include premature birth, respiratory failure, 

oxygen supplementation and mechanical ventilation [9]. BPD has some adverse 

outcomes such as continuing mortality, cardiopulmonary dysfunction, rehospitalization, 

growth failure and poor neurodevelopment outcome after hospital discharge. [8]  

In conclusion, long-term mechanical ventilation was associated with lower 

gestational age and pneumothorax in preterm infants <29 weeks of gestational age. 

Our findings highlight the crucial role of further larger trials focussing on 

identifying preterm newborns with risk factors associated with long-term mechanical 

ventilation in order to reduce neonatal morbidity and mortality, thus establishing 

preventive strategies, which in this case consists in reducing the number of preterm 

deliveries and reducing the incidence of pneumothorax in newborns. 
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Appendices 

Table 1. Demographic, maternal, gestational and delivery data, clinical characteristics 

and management during hospitalization. 

 Total 
(n=50) 

Cases 
(n=13) 

Controls 
(n=37) 

p value 

Gender, n (%) 
    Male 
    Female 

 
26 (52.0) 
24 (48.0) 

 
8 (61.5) 
5 (38.5) 

 
18 (48.6) 
19 (51.4) 

 
0.424* 

Gestational age (weeks), mean (±SD) 26.70 
(±1.093) 

25.77 
(±0.927) 

27.03 
(±0.957) 

<0.001∞ 

Birth weight (grams), mean (±SD) 915.20 
(±199.056) 

770.77 
(±118.530) 

965.95 
(±197.659) 

0.002∞ 

Multiple gestation n (%) 
-    Number of newborns, median (min-max) 

12 (24.0) 
2 (2-3) 

4 (30.8) 
2 (2-3) 

8 (21.6) 
2 (2-2) 

0.707** 
0.570§ 

Medically assisted reproduction, n (%) 8 (16.0) 3 (23.1) 5 (13.5) 0.413** 
Maternal chronic diseases, n (%) 15 (30.0) 5 (38.5) 10 (27.0) 0.439* 
Maternal habits during pregnancy, n (%) 

-    Tobacco 
-    Drugs 

 
4 (8.0) 
1 (2.0) 

 
2 (15.4) 
1 (7.7) 

 
2 (5.4) 
0 (0.0) 

 
0.275** 
0.260** 

Maternal pregnancy diseases, n (%) 
-    Gestational Diabetes 
-    Pre-eclampsia 
-    HELLP Syndrome 
-    Infectious Risk 

15 (30.0) 
7 (14.0) 
9 (18.0) 
5 (10.0) 
31 (62.0) 

5 (38.5) 
2 (15.4) 
2 (15.4) 
1 (7.7) 
5 (38.5) 

10 (27.0) 
5 (13.5) 
7 (18.9) 
4 (10.8) 
26 (70.3) 

0.899** 
0.888** 

0.998** 
0.788** 
0.042* 

Fetal growth restriction, n (%) 6 (12.0) 3 (23.1) 3 (8.1) 0.173** 
Abnormal umbilical blood flow, n (%) 6 (12.0) 3 (23.1) 3 (8.1) 0.173** 
Abnormal placenta, n (%) 26 (52.0) 7 (53.8) 19 (51.4) 0.877* 
Clinical chorioamnionitis, n (%) 2 (4.3) 0 (0.0) 2 (5.7) 0.899** 
Histological chorioamnionitis, n (%) 5 (10.0) 0 (0.0) 5 (13.5) 0.309** 
Antenatal corticosteroids, n (%) 

-    Full cycle, n (%) 
47 (97.9) 
27 (62.8) 

12 (92.3) 
8 (66.7) 

35 (100.0) 
19 (61.3) 

0.271** 
0.989** 

Premature rupture of membranes, n (%) 14 (28.6) 2 (16.7) 12 (32.4) 0.466** 
Prophylactic antibiotic, n (%) 13 (26.0) 2 (15.4) 11 (29.7) 0.469** 
C-section, n (%) 36 (72.0) 7 (53.8) 29 (78.4) 0.090* 
Apgar Score, n (%) 

-    1st minute <7 
-    5th minute <7 

 
36 (72.0) 
17 (34.0) 

 
10 (76.9) 
6 (46.2) 

 
26 (70.3) 
11 (29.7) 

 
0.734** 
0.282* 

Resuscitation at birth, n (%) 
-    Adrenaline 
-    O2 
-    Positive Pressure 
-    Endotracheal Intubation 
-    Compressions 

 
0 

47 (94.0) 
47 (94.0) 
31 (62.0) 

0 

 
0 (0.0) 

12 (92.3) 
12 (92.3) 
9 (69.2) 
0 (0.0) 

 
0 (0.0) 

35 (94.6) 
35 (94.6) 
22 (59.5) 
0 (0.0) 

 
- 

0.899** 
0.899* 
0.742** 

- 



Mechanical ventilation, n (%) 
   Total number of days, median (min-max) 

50 (100.0) 
10.5 (1-112) 

13 (100.0) 
39 (28-112) 

37 (100.0) 
7 (1-26) 

- 
<0.001§ 

CPAP, n (%) 
   Total number of days, median (min-max) 

50 (100.0) 
36.5 (1-81) 

13 (100.0) 
32 (1-63) 

37 (100.0) 
37 (16-81) 

- 
0.254§ 

Supplementary oxygen, n (%) 
   Total number of days, median (min-max) 

47 (94.0) 
37.5 (0-109) 

13 (100.0) 
98 (1-107) 

34 (91.9) 
26 (0-109) 

0.558** 
<0.001§ 

Surfactant administration, n (%) 43 (86.0) 12 (92.3) 31 (83.8) 0.660** 
Umbilical artery catheter, n (%) 26 (72.2) 7 (70.0) 19 (73.1) 0.988** 
Umbilical vein catheter, n (%) 32 (88.9) 10 (100.0) 22 (84.6) 0.559** 
Vasoactive amines in the NICU, n (%) 3 (13.0) 3 (60.0) 0 (0.0) 0.006** 
Umbilical cord pH, mean (±SD) 7.181 

(±0.213) 
7.098 

(±0.282) 
7.229 

(±0.169) 
0.353∞ 

Hemoglobin in the first hour of life, mean (±SD) 15.228 
(±2.840) 

14.227 
(±3.292) 

15.525 
(±2.668) 

0.186∞ 

Mean blood pressure in the first hour of life, 
mean (±SD) 

32.29 
(±9.010) 

27.58 
(±7.255) 

34.17 
(±9.056) 

0.031∞ 

Blood cells transfusion, n (%) 44 (88.0) 13 (100.0) 31 (83.8) 0.319** 
Early onset sepsis, n (%) 10 (20.0) 4 (30.8) 6 (16.2) 0.420** 
Late onset sepsis, n (%) 33 (66.0) 10 (76.9) 23 (62.2) 0.499** 
Pneumothorax, n (%) 5 (10.0) 4 (30.8) 1 (2.7) 0.013** 
Hyaline membrane disease, n (%) 47 (94.0) 13 (100.0) 34 (91.9) 0.558** 
Bronchopulmonary dysplasia, n (%) 29 (58.0) 10 (76.9) 19 (51.4) 0.191** 
Persistent ductus arteriosus, n (%) 
   Medical treatment, n (%) 
   Surgical treatment, n (%) 

42 (84.0) 
37 (92.5) 
7 (18.4) 

11 (84.6) 
11 (100.0) 
4 (36.4) 

31 (83.8) 
26 (89.7) 
3 (11.1) 

0.944** 
0.548** 
0.161** 

NEC grade ≥ 2 Bell, n (%) 0 (0.0) 0 (0.0) 0 (0.0) - 
Intraventricular hemorrhage grade ≥III, n (%) 11 (55.0) 5 (71.4) 6 (46.2) 0.374** 
Cystic periventricular leukomalacia, n (%) 8 (16.0) 4 (30.8) 4 (10.8) 0.181** 
Retinopathy of prematurity grade ≥ 2, n (%) 21 (53.8) 8 (72.7) 13 (46.4) 0.171** 
Hydrocephalus with periventricular derivation 
(shunt or reservoir), n (%) 

5 (10.0) 3 (23.1) 2 (5.4) 0.103** 

Parenteral nutrition, n (%) 
   Number of days, median (min-max) 

50 (100.0) 
28 (0-90) 

13 (100.0) 
42.0 (0-90) 

37 (100.0) 
24.5 (0-53) 

- 
0.001§ 

Length of stay in NICU (days), median (min-max) 85 (22-191) 108 (92-191) 76 (22-136) <0.001§ 
 

* Chi square test; ** Fisher’s exact test; ∞Independent T test; §Mann Whitney U test 

SD – standard derivation; CPAP – continuous positive airway pressure; NICU – Neonatal 
Intensive Care Unit 

  



Table 2. Predictors of long-term ventilation in preterm infants <29 weeks of gestational 

age. 

 

 

OR – Odds Ratio; CI – Confidence Interval; p <0.05, statistical significance (Multivariate 
analysis) 

* Multivariable analysis by logistic regression 

 

  

 OR* 95% CI p value 

Pneumothorax 81.065 1.73-3814.46 0.025 
Gestational Age 0.195 0.02-0.73 0.016 
Birth Weight 0.994 0.94-1.04 0.267 
Bronchopulmonary Dysplasia 1.241 0.94-1.04 0.267 
Persistent Ductus Arteriosus 0.292 0.01-12.02 0.518 
Maternal Infectious Risk 0.227 0.03-1.84 0.165 
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