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Abstract 
 

Background: Preterm infants usually have multiple complications, mainly due to their low birth weight. 

Multiple factors may lead to the need for intubating preterm infants. However, some infants may suffer from 

difficult extubation and failure to extubate from ventilation. This failure can result in increased morbidity or 

mortality. 
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1. INTRODUCTION 
 

Many very preterm infants require assisted 

ventilation. After resolution of their initial 

pulmonary dysfunction, when extubated they are at 

risk of failure due to poor respiratory drive, 

atelectasis, residual pulmonary function 

abnormalities, or intercurrent illness. Keeping such 

infants extubated will decrease lung injury and 

improve long-term pulmonary and perhaps even 

neurologic outcomes. On the other hand, if failure 

of extubation could be accurately predicted, then 

extubation could be deferred and the trauma of 

reintubation after a brief failed extubation, with 

increased work of breathing, hypoventilation, and 

respiratory acidosis, could be avoided (1). 

 
Figure (1): Risk factors for extubation failure (2). 

Table (1): Causes of extubation failure (3) 

 
Prediction of extubation failure 

Several studies have examined factors associated 

with failure of extubation. The contribution in this 

issue of Jornal de Pediatria from Hermeto et al. 

(4), Michael et al. (5) and Sarafidis et al. (6) 

confirms that infants with lower gestational ages 

are more likely to fail extubation; other factors 

which they investigated did not independently 

predict extubation failure. They also showed an 

association between extubation failure and both 

severe intracranial hemorrhage and patent ductus 

arteriosus. As the authors point out, the causal 

relationship between these findings is uncertain; in 

both cases the abnormal finding could be caused 

by, or could cause, failure of extubation. Their 

finding confirms that attempts to prevent 

extubation failure should be focused on the most 

immature infants. Other studies have examined 

physiologic or clinical measurements as a means of 

predicting successful extubation in individual 

infants, unfortunately there is no clear evidence that 

any specific test or physiologic measurement can 

adequately predict a successful extubation. 

The maximal inspiratory force, that is, the most 

negative pressure that an infant can generate during 

an airway occlusion, has been suggested as a way 

of determining the capacity of an infant to tolerate 

extubation. However, this measure, like many 

others, is very dependent on the state of arousal of 

the infant, thus it varies from one minute to the 

next and has not proved helpful in predicting 

extubation failure (7, 8). 

More sophisticated measurements, such as a low 

post-extubation functional respiratory capacity, 

have been shown to be statistically associated with 

extubation failure but in that study low gestational 

age was in fact a better predictor (9). 

The test which appears to have the greatest 

potential currently is the minute ventilation test of 

Gillespie et al. (10) a measurement of minute 

ventilation during complete ventilator support 

followed by a repeat during 10 minutes of 

continuous positive airway pressure (CPAP). If the 

infant is capable of maintaining a minute 
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ventilation at least 50% as high during CPAP, then 

successful extubation is likely.  

A randomized controlled trial showed that the use 

of this test significantly decreased the duration of 

assisted ventilation, although the very early 

extubations were associated with a higher rate of 

extubation failure (11). 

Dekker et al. (12) evaluated another test of the 

ability to breathe spontaneously, the spontaneous 

breathing test, in which there is a short trial period 

of endotracheal CPAP. A failed test is defined as a 

bradycardia (< 100/min) for > 15 seconds or SpO2 

below 85% despite a 15% increase in FiO2. 

Barrington, (1) also demonstrated that minute 

ventilation falls by a greater amount during this 3-

minute test for infants who fail extubation than 

among those who succeed. Further confirmation of 

the utility of this test will probably require a 

randomized controlled trial. 

Prevention of extubation failure: 

An evidence-based review of strategies to reduce 

extubation failure shows the following (13): 

Immature infants are more likely to be successfully 

extubated if they are not weaned to endotracheal 

CPAP prior to extubation, but extubated from low 

ventilator settings. 

- It is uncertain whether weaning using 

synchronized intermittent mandatory 

ventilation (SIMV) and reducing the rate, or 

using assist control and weaning the pressure 

is preferable. Similarly, it is unclear whether 

newer modes of volume ventilation or 

pressure support ventilation improve the 

chances of successful extubation. 

- Nasal CPAP after extubation is preferable to 

no pressure support. 

- The method for generating the positive 

pressure appears to be unimportant, 

specifically the infant flow device is no better 

than other means of generating a positive 

pressure, it is possible that bubble CPAP is 

preferable to the infant flow device (14), but 

this requires confirmation. 

- Nasal ventilation using the Infant Star® 

ventilator with peak inspiratory pressures 

greater than 14 cmH2O is preferable to CPAP, 

in contrast, bi-level positive airway pressure 

(BiPAP) using the infant flow device is no 

better than CPAP (15, 16). 

- The infant should probably have binasal 

prongs rather than a single nasal prong. 

- Immature infants receiving methylxanthines 

prior to extubation have reduced extubation 

failure; more specifically, caffeine has been 

shown to decrease bronchopulmonary 

dysplasia and to improve long-term outcomes 

and should probably be the methylxanthine of 

choice (17) 

- Additional respiratory stimulants, such as 

doxapram, do not further improve extubation 

success (18). 

Extubating the very immature infant: 

These considerations lead to the following 

recommendations: very preterm infants should be 

extubated as early as possible, since the maneuver 

is likely to be successful, perhaps using the minute 

ventilation test, with infants receiving more than 

40% oxygen, and those who already have a low 

lung volume prior to extubation are unlikely to be 

successful. Apart from these limitations, most 

infants deserve an attempt to extubate as long as a 

reintubation can be achieved with little trauma, 

with experienced intubators and good 

premedication. Infants should receive a loading 

dose of 20 mg/kg of caffeine citrate prior to 

extubation, followed by a maintenance dose of 5 

mg/kg/day and should be extubated from low 

ventilator settings. After extubation, they should be 

supported with nasal ventilation. As the Infant 

Star® ventilator is no longer available, and there is 

no other method of reliably synchronizing nasal 

ventilation, non- synchronized nasal ventilation 

with pressures of at least 14 cmH O peak and 6 

cmH O positive end-expiratory pressure (PEEP) 

and a rate of 20 per minute should be initiated. In 

general, 72 hours of nasal ventilation would be a 

minimum, followed by CPAP or a trial of 

unsupported breathing depending on the clinical 

condition (19, 20). 

Role of Sponatneous Breathing Trials: 

In Chawla et al. (21) ’s study, their objectives, 

were  

(a) To evaluate the validity of respiratory 

compliance (Crs) and SBT in predicting successful 

extubation in premature neonates with planned 

extubation attempt within the first 3 weeks of life,  

(b) To identify clinical determinants of 

successful extubation,  

(c) To compare ventilator parameters before 

extubation and 24 hr after re-intubation among 

infants who fail extubation attempts, and (22). 

(d) To compare hospital outcomes between 

infants who fail and those who successfully remain 

extubated 72 hr later. They hypothesized that Crs 

and SBT prior to planned extubation within the first 

3 weeks of life can independently predict 

successful extubation >72 hr in preterm infants < 

32 weeks gestation (21).  

Further hypothesized that a failed extubation 

attempt would be associated with higher ventilator 

support 24 hr later and worse clinical outcomes at 

hospital discharge (23). 

In a cohort of mechanically ventilated premature 

infants, Chawla et al., (21) were able to 

demonstrate that SBT performed up to 6 hr of 

elective extubation, within the first 3 weeks of life, 

was able to predict success of extubation with 92% 

sensitivity and 88% PPV. Respiratory compliance 
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prior to extubation was not helpful in predicting 

success of extubation. As expected, successfully 

extubated infants had a higher GA and weighed 

more at extubation, compared to infants who 

required re-intubation. Multivariate logistic 

regression analysis with GA as covariate revealed 

that passing SBT remained an independent 

predictor of successful extubation. Infants who 

passed the SBT were 6.6 times more likely to be 

successfully extubated, compared to infants who 

failed the SBT. Finally, rates of BPD, days on 

oxygen, mechanical ventilation, and hospital stay 

were significantly increased in infants who failed 

their first extubation attempts. 

Chawla et al. (21) data on the usefulness of SBT in 

neonates were comparable to previously reported 

literature on the SBT in premature infants by 

Kamlin et al. who found a sensitivity of 97%, and a 

positive predictive value for extubation success of 

93%. In a further prospective audit, the same 

investigators found that VLBW infants (<1,250g) 

were extubated at significantly higher support 

compared to historic controls. There was no 

difference in the rate of BPD or proportion of 

infants who were successfully extubated for 72 hr. 

Chawla et al., arbitrarily selected 5 min for duration 

of SBT, because they speculated that a longer 

duration of SBT (15–120 min) as used among 

children and adults may precipitate atelectasis and 

increase the work of breathing in premature infants. 

Low negative predictive value of SBT may be due 

to increased work of breathing through a small 

diameter ETT without pressure support, 

precipitating failure of SBT.  

In Kamlin’s study, SBT was performed for 3 min 

and most neonates who failed SBT did so in the 

first 90 sec, compared to 3–4 min in Chawla et al.’s 

study. Infants in Kamlin’s study were on higher 

ventilator support prior to elective extubation, 

compared to those in the Chawla et al.’s study 

(ventilator rate of 20–30 breaths/min, MAP of 7.2 

mmHg vs. 16 breaths/min and 5.8 mmHg). In 

addition, in the study by Kamlin, the mode of 

ventilation was either assist control or SIMV, in 

contrast to SIMV in all Chawla et al.’s infants. 

These differences may explain the difference in the 

timing of failed SBT in the two studies. Having a 

shorter time (3 min vs. 5 min) for SBT may miss 

some patients who would fail the trial after 3 min. 

Therefore, a 5-min SBT may be a reasonable time 

period to identify extubation-readiness in the 

majority of infants, whereas failure of 5-min SBT 

may suggest reassessment of clinical condition of 

the patient, prior to extubation (24). 

Previous studies in premature infants have found 

spontaneous minute ventilation to be a useful 

predictor of successful extubation. Veness-Meeham 

et al. in a study of 50 premature infants with RDS, 

found that dynamic lung compliance and minute 

ventilation were poor predictors of successful 

extubation. In contrast, Szymankiewicz et al. and 

Balsan et al. demonstrated that higher lung 

compliance and low airway resistance measured 

prior to extubation among very low birth weight 

infants were predictive of successful extubation 

(24). 

In Chawla et al. (21) study, Crs measurement 

prior to extubation was not predictive of successful 

extubation. One possible explanation could be the 

high use of antenatal steroids and postnatal 

surfactant therapy which might have improved Crs 

in their infant population. Their extubation failure 

rate of 20% is consistent with previous reported 

rates of 20–22% in the premature infant population. 

Ventilator parameters 24 hr after re-intubation were 

significantly higher than pre-extubation parameters 

among infants who failed extubation. Timing of 

elective extubation is crucial and needs a balanced 

approach of avoiding adverse effects of prolonged 

intubation and potential risks associated with hasty 

failed extubation in premature neonates. 

The need for higher ventilator support after a failed 

extubation attempt may be due to periods of 

ineffective spontaneous breathing, associated sub-

segmental lung atelectasis, and/or underlying co-

morbidity (such as PDA). Higher morbidities at 

discharge among infants who failed extubation may 

also be due to younger GA and other inherent 

differences in baseline characteristics of these 

infants. Chawla et al.’s findings of higher mortality, 

increased length of hospital stay and number of 

days on mechanical ventilation among infants who 

failed extubation is comparable to those reported 

among adult and older pediatric patients (21). 

In summary, SBT prior to elective extubation may 

be used in predicting successful extubation in 

premature infants. Guidelines for extubation among 

premature infants are needed in order to reduce 

unnecessary exposure to adverse effects of 

mechanical ventilation, while maintaining 

successful spontaneous breathing efforts (25). 

 

 

 

REFERENCES 

 
1. Barrington KJ. Extubation failure in the very 

preterm infant. Jornal de Pediatria. 2099; 85, 

 .375-377

2. Nava Guerra L, Knox K, Hotz J, Sekayan T, 

Iyer NP, Khemani RG. Features Extracted 

from Breath-by-Breath Time-Series Analysis 

as Risk Factors for Extubation Failure. In A43. 

CRITICAL CARE: MAXIMUM 

OVERDRIVE-ACUTE RESPIRATORY 

FAILURE AND MECHANICAL 

VENTILATION. 2019; (pp. A1656-A1656). 

American Thoracic Society. 

3. Jaber S, Quintard H, Cinotti R, Asehnoune K, 

Arnal JM, Guitton C, et al. Risk factors and 



Extubating Failure in The Preterm Infant                                         Section A -Research paper 

 

8437 

Eur. Chem. Bull. 2023, 12(Special Issue 4),8434-8437 

outcomes for airway failure versus non-airway 

failure in the intensive care unit: a multicenter 

observational study of 1514 extubation 

procedures. Critical Care. 2018; 22(1): 1-12. 

4. Hermeto F, Martins MR, Ramos RM, Bhering 

CA, Sant’Anna GM. Incidence and main risk 

factors associated with extubation failure in 

newborns with birth weight &lt; 1,250 grams. 

Jornal de Pediatria. 2009;85, 397–402. 

5. Michael Z, Spyropoulos F, Ghanta S, Christou 

H. Bronchopulmonary dysplasia: an update of 

current pharmacologic therapies and new 

approaches. Clinical Medicine Insights: 

Pediatrics. 2018; 12, 1179556518817322. 

6. Sarafidis K, Chotas W, Agakidou E, 

Karagianni P, Drossou V. The Intertemporal 

Role of Respiratory Support in Improving 

Neonatal Outcomes: A Narrative Review. 

Children. 2021; 8(10): 883. 

7. Artime CA, Hagberg CA. Tracheal 

ExtubationDiscussion. Respiratory Care. 2014; 

 .991-1005 :(6)59

8. Dassios T, Vervenioti A, Dimitriou G. 

Respiratory muscle function in the newborn: a 

narrative review. Pediatric Research. 2022; 

 .795-803 :(4)91

9. Latremouille S, Bhuller M, Shalish W, 

Sant’Anna G. Cardiorespiratory measures 

shortly after extubation and extubation 

outcomes in extremely preterm infants. 

Pediatric Research. 2022; 1-7. 

10. Gillespie LM, White SD, Sinha SK, Donn SM. 

Usefulness of the minute ventilation test in 

predicting successful extubation in newborn 

infants: a randomized controlled trial. Journal 

of Perinatology. 2003; 23(3): 205-207. 

11. Gizzi C, Moretti C, Agostino R. Weaning from 

mechanical ventilation. The Journal of 

Maternal-Fetal & Neonatal Medicine. 2011; 

24(sup1), 61-63. 

12. Dekker J, van Kaam AH, Roehr CC, Flemmer 

AW, Foglia EE, Hooper SB, et al. Stimulating 

and maintaining spontaneous breathing during 

transition of preterm infants. Pediatric 

research. 2021; 90(4): 722-730. 

13. JIN B, WU J, ZHOU B, LIU X, MA X. 

Clinical research of heated humidified high-

flow nasal cannula for prevention of extubation 

failure in preterm infants with respiratory 

distress syndrome. Chinese Pediatric 

Emergency Medicine. 2019; 206-210. 

14. Gupta S, Sinha SK, Tin W, Donn SM. A 

randomized controlled trial of post-extubation 

bubble continuous positive airway pressure 

versus Infant Flow Driver continuous positive 

airway pressure in preterm infants with 

respiratory distress syndrome. The Journal of 

pediatrics. 2009; 154(5): 645-650. 

15. O'Brien K, Campbell C, Havlin L, Wenger L, 

Shah V. Infant Flow Biphasic Ncpap Versus 

Infant Flow Ncpap for the Facilitation of 

Successful Extubation in Infants 1250 Grams: 

a Randomized Controlled Trial. Paediatrics & 

Child Health. 2009; 14(suppl_A): 11A-11A. 

16. Luna MS. Advances in Respiratory 

Management, An Issue of Clinics in 

Perinatology, E-Book. 2021; (Vol. 48, No. 4). 

Elsevier Health Sciences. 

17. Yuan Y, Lei X, DONG W. Caffeine and 

Bronchopulmonary dysplasia: Clinical 

Benefits and Its Mechanisms. Authorea 

Preprints.  .0202

18. Pergolizzi J, Kraus A, Magnusson P, Breve F, 

Mitchell K, Raffa R, et al. Treating apnea of 

prematurity. Cureus. 2022; 14(1). 

19. Care IR. Quality improvement in respiratory 

care. Assisted Ventilation of the Neonate. 

 .321 ;2011

20. Poppe JA, van Weteringen W, Sebek LL, 

Knibbe CA, Reiss IK, Simons SH, et al. 

Precision dosing of doxapram in preterm 

infants using continuous pharmacodynamic 

data and model-based pharmacokinetics: an 

illustrative case series. Frontiers in 

Pharmacology. 2020; 11, 665. 

21. Chawla S, Natarajan G, Shankaran S, Carper 

B, Brion LP, Keszler M, et al. Markers of 

successful extubation in extremely preterm 

infants, and morbidity after failed extubation. 

The Journal of pediatrics. 2017; 189, 113-119. 

22. Shalish W, Latremouille S, Papenburg J, 

Sant’Anna GM. Predictors of extubation 

readiness in preterm infants: a systematic 

review and meta-analysis. Archives of Disease 

in Childhood-Fetal and Neonatal Edition. 

2019; 104(1): F89-F97. 

23.  Randolph A. Ventilator Weaning and 

Extubation Strategies for Children with 

PARDS. Pediatric Acute Respiratory Distress 

Syndrome: A Clinical Guide. 2020; 89-100. 

24. Greenough A, Rossor TE, Sundaresan A, 

Murthy V, Milner AD. Synchronized 

mechanical ventilation for respiratory support 

in newborn infants. Cochrane Database of 

Systematic Reviews. 2016; (9). 

25. Elsetouhi ME, Elsayed LM, Abdo EH, Shehab 

MM. Role of Spontaneous Breathing Trial as 

Predictors in Extubation Failure in Preterm 

Infants. The Egyptian Journal of Hospital 

Medicine. 2022; 86(1): 398-401.

 


