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Abstract

Objective—Studies of extubation in preterm infants often define extubation success as a lack of

reintubation within a specified time window. However, the duration of observation that defines

extubation success in preterm infants has not been validated. The purpose of this study was to

systematically review published definitions of extubation success in very preterm infants and to

analyze the effect of the definition of extubation success on the reported rates of reintubation.

Design—Studies including very preterm infants published between 1/1/02 and 6/30/12 that

reported reintubation as an outcome were reviewed for definitions of extubation success. Stepwise

multivariable linear regression was used to explore variables associated with rate of reintubation.

Results—Two independent reviewers performed the search with excellent agreement (κ=0.93).

Of the 44 eligible studies, 31 defined a window of observation that ranged from 12-168 hours (7

days). Extubation and reintubation criteria were highly variable. The mean±SD reintubation rate

across all studies was 25±9%. In studies of infants with median birth weight (BW) ≤1000g,

reintubation rates steadily increased as the window of observation increased, without apparent

plateau (p=.001). This trend was not observed in studies of larger infants (p=.85).

Conclusion—Variability in the reported definitions of extubation success makes it difficult to

compare extubation strategies across studies. The appropriate window of observation following

extubation may depend on the population. In infants with BW≤1000g, even a week of observation

may fail to identify some who will require reintubation.
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INTRODUCTION

Respiratory failure requiring intubation and mechanical ventilation is common in preterm

infants. Nearly two thirds of those born at less than 29 weeks gestation will require

mechanical ventilation for some duration during the newborn period.[1] Prolonged

mechanical ventilation and the subsequent development of bronchopulmonary dysplasia are

associated with adverse neurodevelopmental and respiratory outcomes.[2-11] Interventions

that minimize exposure to mechanical ventilation and result in successful extubation may

therefore provide long-term benefit in preterm infants.

Successful extubation is often defined as not requiring reintubation during a pre-specified

window of observation. The duration of extubation that defines success has not been

validated in preterm infants, however. While shorter windows may help differentiate failed

extubation from reintubation due to other causes, use of non-invasive respiratory support

may delay but not prevent reintubation in some infants. Windows of observation that are too

short may fail to detect a substantial number of extubation failures and result in inflated

estimates of the effectiveness of interventions intended to facilitate extubation.

We summarized published definitions of extubation success in very premature infants and

assessed the validity of several definitions by comparing the reported success rate with the

duration of the observation window used to define extubation success. We hypothesized that

reported reintubation rates would be significantly associated with the duration of observation

following extubation.

METHODS

Study Design and Data Extraction

This review was performed using a written protocol. We identified English language studies

in PubMed published between 1/1/02 and 6/30/12 containing the terms “extubation” or

“intubation” and “preterm” or “premature.” The search was intentionally broad as many

types of studies including those of extubation criteria, ventilator management, and

medications report reintubation as an outcome. The specific search terms were: (extubation

OR intubation) AND (preterm OR premature) AND neonate AND (“2002”[Date -

Publication] : “2012/06/30”[Date - Publication]) AND English[Language] NOT “comment”

[Publication Type] NOT “editorial”[Publication Type] NOT “review”[Publication Type]

NOT “case reports”[Publication Type] NOT “meta analysis”[Publication Type].

Included studies met the following eligibility criteria: (1) subjects included very preterm

(<32 weeks gestation) or very low birth weight (<1500g) infants; (2) reintubation was

reported as an outcome; (3) intubation was not for anesthesia; (4) study was not a case

report, editorial, or review article.

All abstracts were screened independently by two investigators (AG, EJ) for eligibility

criteria and need for full-text review. Disagreements were resolved by an independent third

party (Sara DeMauro). Data were independently extracted by each investigator onto

standardized forms. Any discrepancies were resolved by consensus.
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All data were analyzed as reported in the published articles except median birth weight

(BW) and reintubation rate, which were often reported only for subgroups. In our analysis,

the median subject birth weight was estimated by calculating a weighted average of the

subgroups if no summary measure was reported. The overall reintubation rate was calculated

directly from the raw data in every case and did not require estimation. If reintubation rates

for multiple observation windows were reported, only those from the observation period

defined in the methods as the primary outcome were used in the analysis.

Statistical Analysis

Descriptive analysis was planned for most variables. Reported reintubation rates followed a

normal distribution, allowing for the use of stepwise multivariable linear regression to

explore study characteristics associated with higher rates of reintubation. The duration of

post-extubation observation and median study birth weight were a priori selected for

evaluation. Studies could not be compared by median subject gestational age because some

studies reported the average subject gestational age in whole completed weeks and others

reported partial weeks. All regression models were weighted on study sample size.

Significance was measured at the α=0.05 level. Analyses were performed with STATA/IC

12.1.

RESULTS

Our PubMed search yielded 394 abstracts. Eighty-six full text articles were reviewed, of

which 44 studies were included in this review (Figure 1). A complete list of included studies

can be found in Appendix A (web only). Initial inter-rater agreement for study selection was

high (κ=0.93). Characteristics of the included studies are shown in Table 1. Most were small

and single center, however 77% were prospective, with 50% clinical trials (experimental

design) and 27% observational studies.

Only 31 studies (71%) reported the duration of observation used to define extubation

success. The windows ranged from 12-168 hours with 48, 72, and 168 hours (7 days) used

most frequently (Table 2). The methodological rigor of the studies varied as well; 56% and

63% of the clinical trials (n=22) reported strict extubation and reintubation criteria,

respectively. The specific criteria for extubation and reintubation are summarized in Table 3.

Positive inspiratory pressure (PIP), fraction of inspired oxygen (FiO2), and mechanical

ventilation rate were the most common extubation criteria, albeit with a wide range in values

across the studies. The maximum PIP allowed for extubation ranged from 12-20 cm H20 and

for FiO2 ranged from 0.25-0.40. Apnea, FiO2, and the development of respiratory acidosis

were the most commonly cited reintubation criteria. The cutoff values for these criteria also

ranged widely. The type of post-extubation support was described in 29 (66%) studies. Of

these, 22 (76%) used positive pressure airway support after extubation (greater than 2L/min

nasal cannula).

The mean±SD reintubation rate across all studies was 25±9%. In the multivariable linear

regression analysis median subject birth weight ≤1000g was found to be an effect modifier

(p=0.03) of the association between duration of post-extubation observation and rate of

reintubation; therefore we stratified our analysis on this variable. We found that in studies of
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infants with median birth weight ≤1000g, the reintubation rate increased significantly with

longer duration of observation (p=.001). This relationship was not observed in studies of

larger infants >1000g, (p=0.85) (Figure 2).

Of the 31 studies that defined extubation success, only 6 (19.3%) provided rates of

reintubation after the specified observation window. Five of these reported reintubation rates

at 7 days in addition to a shorter window (48-72 hours) and one also reported reintubation at

14 days. The remaining study reported the number of infants reintubated after the

observation window but did not report the timing of reintubation.

DISCUSSION

To our knowledge, this is the first systematic review of the outcome of extubation success in

premature infants. We reviewed 44 studies published within the last 10 years using

reintubation as an outcome. We found a large degree of heterogeneity in the duration of the

observation window used to define extubation success, ranging from 12 hours to seven days.

In addition, we found that in studies predominately enrolling infants with birth weight less

than 1000g, rates of extubation success were negatively associated with the duration of

observation. By relying on shorter windows of observation, studies enrolling a large

proportion of small infants may therefore underestimate the true rate of reintubation. In fact,

the reintubation rate did not appear to plateau even at a week of observation, indicating that

longer periods may be necessary to adequately capture this outcome in extremely low birth

weight (ELBW) infants.

Methodologic rigor varied across studies of extubation success. Many of the reviewed

clinical trials lacked specific extubation and reintubation criteria, and when present there

was considerable variability in the cutoffs used to meet each criterion. This was particularly

true of extubation criteria, implying that infants enrolled in clinical trials of extubation are

extubated from a wide range of respiratory support. This makes it difficult to compare

results across studies or pool data for meta-analysis.

This review presents a novel approach for comparing studies of extubation in premature

infants. Previous reviews have compared studies solely by intervention and not by outcome.

In multiple Cochrane reviews on this topic, results of studies using different definitions of

extubation success were pooled together for meta-analysis.[12-21] The heterogeneity in the

duration of observation after extubation was not raised as a limitation in pooling the data.

Our findings suggest that the duration of the observation window may be important when

interpreting the results of these studies and challenges the assumption that these data can be

pooled.

The main limitation of this review is the possibility of missing data due to reliance on

published reports. Published trials often lack key methodological information.[22] For

example, 7 (17.9%) of the 39 studies that reported reintubation rates in the results section

did not specify the duration of observation following extubation. There is a possibility that

the window was defined but not described in the published report. Unfortunately, the small

number of eligible studies and variability of reported extubation and reintubation criteria
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prevented evaluation of other factors potentially associated with reintubation rate. Individual

patient level data may have allowed for a more robust analysis of the effect of birth weight

and other factors on reintubation rate within each time window.

This study provides cause for concern regarding the validity and generalizability of

respiratory studies using extubation success as a key outcome. The heterogeneity in the

definition of this outcome makes comparing the effectiveness of different respiratory

strategies difficult. Since an observation window of a week may not adequately capture all

small infants requiring reintubation, the current literature may provide an overly optimistic

estimate of the likelihood of success of extubation in the smallest babies. Decreasing

heterogeneity in the methodology of clinical trials is crucial for the evaluation of therapies in

neonatal medicine. This will allow for more robust pooling of data and faster identification

of promising strategies for study in large, multi-center trials. Studies of extubation success

should consider including a cumulative distribution curve of extubation failure rate over

time to help readers better understand the effect of an intervention on the likelihood of

reintubation. Such data are urgently needed to better describe the rate and timing of

extubation failure and to facilitate the development of a valid definition of extubation

success.
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WHAT IS KNOWN ABOUT THIS TOPIC

• In clinical trials, successful extubation is typically defined as not requiring

reintubation during a specified period of observation.

• No definition for extubation success has been validated in premature infants.

WHAT THIS STUDY ADDS

• Definitions of success in studies of extubation in very premature infants vary

widely.

• The duration of observation may affect the rate of reintubation in extremely low

birth weight infants.
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Figure 1.
Flow diagram of included and excluded studies.

*84 studies did not meet 1 inclusion, 223 studies did not meet 2 inclusions, and 1 study did

not meet 3 inclusions.

**41 studies did not meet 1 inclusion and 1 study did not meet 2 inclusions.
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Figure 2.
Reintubation rate by time window.
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Table 1

Study Characteristics

Median [IQR]

Number of participants enrolled 59 [40-138]

Number (%)

Median birthweight <1000g* 21 (47.7)

Single center 37 (84.1)

Region

 International 1 (2.3)

 United States 10 (22.7)

 Canada 3 (6.8)

 Central/South America 2 (4.6)

 Europe 12 (27.3)

 United Kingdom 8 (18.2)

 Australia/New Zealand 4 (9.1)

 Asia 3 (6.8)

 Africa 1 (2.3)

Study design

 Clinical trial 22 (50)

 Prospective observational 12 (27.3)

 Retrospective 10 (22.7)

*
Estimated by calculating a weighted average of subgroups
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Table 2

Duration of Observation Window (if specified)

Observation window (n=31) N (%)

12 hours 1 (3.2)

24 hours 2 (6.4)

48 hours 9 (29)

72 hours 11 (35.5)

168 hours 8 (25.8)
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Table 3

Extubation and Reintubation Criteria (if specified)

Extubation criteria (n=21) No. (%) Median cutoff (range)

 FiO2 16 (76.2) 35 (25-40)

 PIP 15 (71.4) 16 (12-20)*

 Ventilator rate 15 (71.4) 20 (12-35)

 PEEP 4 (19) 4 (3-5) *

 Mean airway pressure 4 (19) 8.5 (5-10) *

 Amplitude 2 (9.5) 20*

 Frequency 1 (4.8) 9 Hz

 pH 3 (14.3) 7.25

 PaO2 1 (4.8) 50†

 PaCO2 5 (23.8) 60 (45-65)†

 Hemoglobin 1 (4.8) 13 g/dL

 Minute ventilation test 2 (9.5) Pass

 Spontaneous breathing trial 1 (4.8) Pass

Reintubation criteria (n=25)

 Apnea 23 (92)

 FiO2 20 (80) 60 (40-100)

 pH 22 (88) 7.25 (7.2-7.25)

 PaO2 9 (36) 50†

 PaCO2 19 (76) 65 (55-65)†

 Respiratory distress‡ 3 (12)

FiO2: fraction of inspired oxygen; PIP: positive inspiratory pressure; PEEP: positive end-expiratory pressure; PaO2: partial pressure of oxygen;

PaCO2: partial pressure of CO2

*
cm H20;

†
mmHg;

‡
Included stridor, tachypnea, Downe’s score, Silverman’s score, “severe distress”
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