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Abstract
Background/purpose  Enhanced recovery after surgery (ERAS) protocols have shown significant benefits in terms of patient 
outcomes and institutional cost savings in colorectal and bariatric surgery. This has not, however, been tried in the neonatal 
setting. One of the major barriers to developing ERAS protocols in the neonatal intensive care unit (NICU) is the often-
prolonged intubation of neonates after surgery. To this end, we evaluated our institutional data to determine if prolonged 
intubation post-operatively is associated with adverse events.
Methods  This is a retrospective cohort study of neonates who were intubated for a surgical procedure from January 2012 to 
December 2016. Documented data included pre-operative intubation status, timing of post-operative extubation: immediate 
(< 24 h) or delayed (> 24 h), and adverse respiratory events. The Fisher exact test and Student’s t test were used to study 
differences amongst categorical and continuous variables, respectively.
Results  58 surgical procedures were identified, where the patient was intubated specifically for the surgical intervention, of 
which 28 were extubated immediately and 30 were extubated in a delayed fashion. The overall incidence of adverse respira-
tory events was increased in the delayed extubation group (P = 0.03).
Conclusions  Healthcare providers should encourage early extubation after neonatal surgery. Consideration should be given 
to implementing ERAS protocols in NICUs.
Level of evidence  Prognosis study—level II.
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Introduction

Enhanced recovery after surgery (ERAS) protocols have 
shown significant benefits in terms of patient outcomes 
(decreased complication rates) and facility cost savings in 
adult colorectal and bariatric surgery. ERAS is also being 
developed in the pediatric surgery setting in conditions such 
as appendicitis and elective colorectal operations. In pedi-
atric cardiac surgery, early (< 24 h) extubation after surgery 
was associated with a lower mortality rate and a lower rate 
of re-intubation as compared with those who had delayed 
extubation (beyond 24 h) [1]. The authors in the study noted 

that the benefits of early extubation could be extended to 
neonates and babies having complex cardiac surgery such as 
transposition and anomalous pulmonary venous return. The 
benefit of early extubation in the pediatric cardiac surgery 
setting has translated to improved resource allocation by 
reducing intensive care unit stay and overall hospital length 
of stay [2, 3]. Other than in the neonatal cardiac surgery 
setting, early extubation has not been attempted or reported 
after surgery in neonates [4, 5]. Any attempt at instituting 
ERAS in the neonatal surgery setting will have to address 
the often-prolonged mechanical intubation after surgery.

Intubation and mechanical ventilation is the most defini-
tive method of accessing and maintaining the airway in 
patients undergoing complex surgery. Complications of 
intubation and mechanical ventilation have been identi-
fied in both the immediate and delayed settings. Incorrect 
intubation, unplanned accidental extubation, ventilator-
associated atelectasis and pneumonia, hypoxemia, acidosis, 
bradycardia–apnea–desaturation, and extubation failure with 
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subsequent need for re-intubation have all been identified as 
adverse events in the immediate phase [6]. Chronic conse-
quences of prolonged intubation include neurological seque-
lae due to intra-ventricular hemorrhage (IVH) and broncho-
pulmonary dysplasia (BPD) [7, 8]. As a consequence of the 
increasing importance attributed to quality metrics, intuba-
tion days’ being one of them, there has been an evolution in 
the management of respiratory support in the modern NICU 
with an emphasis on early extubation in premature infants 
and non-invasive measures of respiratory support [9, 10]. 
This evolution in care affords an opportunity to study the 
consequences of early extubation that would likely be the 
first step to instituting ERAS in the NICU. The objective of 
this study was to evaluate the incidence of adverse respira-
tory events after delayed extubation following non-cardiac 
neonatal surgery.

Materials and methods

This was a single-site retrospective cohort study in NICU 
patients in a level IV regional neonatal center from January 
2012 to December 2016 who underwent a surgical proce-
dure. Patients selected for the study were intubated for the 
operation. NICU patients who received surgery, but were not 
intubated and used other modalities of respiratory support 
such as an LMA or a spinal anesthesia and patients, whose 
intubation status was not clearly marked by the data set 
were excluded from the study. Patients were also excluded 
from this study if they were intubated and had ventilatory 
support in the immediate days leading up to their surgical 
procedures, due to the possible interference of their pre-
existing respiratory conditions that was independent of the 
surgical intubation. A data sheet was used to record the 
gestational age, birthweight, type of procedure performed, 
pre-operative intubation status, the status of post-operative 
extubation, adverse respiratory events, and days spent in 
the hospital following the operation. For the purpose of this 
study, post-operative extubation status was defined as imme-
diate extubation when patients were extubated within 24 h 

of the procedure, or delayed extubation when the intubation 
persisted for greater than 24 h after the procedure. Adverse 
respiratory events that were tabulated include: extubation 
failure and need for re-intubation, unplanned or accidental 
extubation, atelectasis/pneumonia, bradycardia/apnea/desat-
uration, acidosis, and death (Table 1). The primary outcome 
for the study was determination of in-hospital adverse events 
due to decision to keep the patient intubated beyond 24 h 
post-operatively, and secondary outcomes focused on the 
length of hospital stay beyond the surgery.

We used descriptive statistics to determine inter-quartile 
ranges. As this was a small data set, even a single outlier 
could significantly influence the mean. The ROUT method 
was used to identify and discount outliers from non-linear 
regression (GraphPad Software, LaJolla, CA, USA). Briefly, 
in the ROUT method, one initially fits a model to the data, 
where outliers have little impact. Subsequently, a new outlier 
detection method, based on the false discovery rate (FDR), 
is used to decide which data points are far enough from the 
prediction of the model so as to be called an outlier. Chi-
square and Student’s t tests were used to evaluate categorical 
and continuous variables.

Results

There were 99 surgical procedures performed during this 
period in NICU patients. Of these, 33 of them were iden-
tified as patients who used airway measures alternative to 
intubation and mechanical ventilation. Another set of eight 
procedures were separated from the study, because these 
NICU patients were already intubated in the immediate days 
leading up to their surgical procedures. 58 remaining pro-
cedures were identified that fit the inclusion criteria for the 
study, of which 28 procedures were followed by immedi-
ate extubation and 30 procedures with delayed extubation 
(Tables 2, 3). From the clinical chart in the system, where 
the data were extracted from, the decision to keep neonatal 
patients intubated post-operatively was not always identified. 
In certain patients, the use of sedatives and narcotics such 

Table 1   Complications from 
prolonged intubation

Extubation status Immediate extubation 
(< 24 h)

Delayed extubation 
(> 24 h)

p value

28 30
Need for re-intubation 1 (3.6%) 3 (10%) 0.33
Unplanned extubation 0 (0%) 2 (6.7%) 0.16
Atelectasis/pneumonia 1 (3.6%) 4 (13.3%) 0.19
Bradycardia, apnea or desaturation 5 (17.9%) 7 (23.3%) 0.61
Acidemia 2 (7.1%) 1 (3.3%) 0.51
Death 0 (0%) 1 (3.3%) 0.33
Total number of events 9 (32.1%) 18 (60%) 0.03
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as fentanyl and morphine intraoperatively leads to the deci-
sion to maintain intubation and prolong ventilator depend-
ence until the patient clinically appeared aware enough to 
maintain their airway. In other cases, it was unclear if post-
operative pain control, time of surgery completion, or neo-
natologist/anesthesia preference determined that the baby 
be left intubated.

The incidence of adverse respiratory events overall was 
found to be higher in patients who had a delayed extubation 
post-operatively as opposed to patients who were extubated 
within 24 h of the operation (0.6 vs 0.32, respectively), and 
this was found to be statistically significant using the Chi-
squared analysis for categorical variables (P value 0.03) 
(Table 1). In each category of adverse respiratory events, 
the incidence of extubation failure, unplanned extubation, 
atelectasis, bradycardia/apnea/desaturation, and death was 
all higher in the delayed extubation group of patients, while 
respiratory acidosis was found to have a higher incidence 
in the immediate extubation group. However, when each of 
these results were studied as their own categorical variable, 
they were not found to be statistically significant following 
stratification likely because of inadequate numbers.

The length of post-operative hospital stay was calculated 
based on the last procedure that the NICU patient under-
went prior to their discharge, excluding procedures that the 
patient may have experienced earlier within the hospitaliza-
tion. The median length of hospital stay post-operatively in 
the immediate extubation group was 14 days (inter-quar-
tile range 6–19.75), while those who were in the delayed 
extubation category had a median length of hospital stay 
post-operatively of 19 days (inter-quartile range 14.5–24) 
after accounting for an outlier identified through the ROUT 
method, with statistically significant difference established 
through use of unpaired t test (0.02) (Fig. 1).

The median gestational age of neonates intubated beyond 
24 h was 33 weeks, in comparison with those who were 
extubated within 24 h, whose median gestational age was 
28 weeks and 5 days. Greater importance in analysis was Ta
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accorded to corrected gestational age at surgery as that was 
considered to be a more important parameter. Corrected 
gestational age was 36 weeks in those who were extubated 
beyond 24 h and 38.5 weeks in those extubated before 24 h 
(P = 0.01662).

Discussion

This retrospective study focused on consequences of delay-
ing extubation following a surgical procedure in neonatal 
patients. The main finding of this study is the significant 
incidence of overall adverse respiratory events in neonatal 
surgical patients who were not extubated within 24 h after 
surgery. It appears that early post-operative extubation ben-
efits surgical neonates by reducing their respiratory compli-
cations. Furthermore, early extubation translates to decrease 
in length of stay and resultant cost savings for the hospital 
system. These findings corroborate what has been pointed 
out by our pediatric cardiac surgery colleagues [1].

Pediatric cardiac surgery leads the way in early extu-
bation protocols [1–3]. The greater coordination between 
surgeons, pediatric intensive care specialists, and pediatric 
cardiac anesthesia appears to be the primary driver of quality 
metrics driven care in that setting. The care for pediatric car-
diac surgery patients happens in pediatric cardiac care units 
(in larger cardiac surgery programs) or in the pediatric inten-
sive care unit (PICU) (in smaller cardiac surgery programs) 
that are distinct from the NICU and care follows strict pro-
tocols. We found that internationally, it is not uncommon for 
NICUs to not have a written guideline or protocol regarding 
extubation and weaning steps for their non-cardiac neonatal 
patients [11].

Aside from a lack of a clear protocol to post-operative 
extubation, another factor that may lead to the delay in 
extubation in these patients is the concern for pain man-
agement and the effect of pain medications on the res-
piratory drive. Neonatal patients have a history of having 
their pain under treated in the past [12–14]. The excessive 
physiologic stress due to pain after surgical procedures in 
neonatal patients leads to alteration in stress hormone pro-
duction and has an adverse homeostatic effect. However, 
the paradigm of pain management in neonatal patients 
appears to have shifted too far, where patients are now 
getting exposed to narcotics and sedatives at an increased 
rate [15]. An unintended consequence of sedative and nar-
cotic use in intubated neonatal patients is the extension of 
time that these patients become dependent on mechanical 
ventilator use [16]. In our study, while we were not able 
to access pain medication use data due to multiple docu-
mentation changes in the hospital system, we did anecdo-
tally notice excessive opioid use in some of these patients 
that had prolonged intubation times. In the establishment 

of a post-operative extubation protocol of NICU patients, 
pain management is a technique that must be addressed to 
aid transitioning these patients to a smooth and expedited 
extubation. Developing closer coordination between the 
surgeon, anesthesiologist, and neonatal intensivist and 
developing protocols to mimic practice in the pediatric 
cardiac surgery units will likely improve extubation rates 
and thereby outcomes.

Enhanced recovery after surgery (ERAS) protocols in 
adults has lowered complications and facilitated discharge 
lowering medical costs. While it is not possible to compare 
the fully developed physiology in adults to that of a pre-
term infant, we feel that the benefits of enhanced recovery 
pathways should not be overlooked even in this age group. 
In our study, the corrected gestational age in the delayed 
extubation group (36 weeks) was lower than in the immedi-
ate extubation group (38 weeks). While prematurity may 
theoretically be an explanation for the delayed extubation, 
the groups were not statistically different when the hernia 
population was excluded, suggesting that the two groups 
were more similar than different. Furthermore, research sug-
gests that even premature patients can be successfully man-
aged by non-invasive respiratory support and re-intubation 
after failed extubation should not necessarily be deemed as 
failure [9, 10]. A duplication of this study in a multicenter 
prospective setting or a large database retrospective analysis 
should help shed more light on this important matter.

As seen with this study, in 30 of the 58 identified NICU 
surgical procedures, patients returned to the NICU while still 
intubated, and their extubation was dependent on the clini-
cal judgement of the NICU intensivists and the health care 
team. The clarification of the responsibility and leadership 
in determining the extubation steps of NICU patients and 
implementation of a standardized protocol are a possible 
aspect of medical management that could lead to improve-
ment of care [17]. We believe that developing ERAS pro-
tocols for neonates will translate the benefits noted in the 
adult population to the neonatal population. These findings 
represent the first report in the non-cardiac neonatal surgery 
setting of the adverse effects of delayed extubation after sur-
gery and its impact on hospital length of stay. Through an 
improvement in extubation metrics, we can hope to shorten 
the course of ICU stay for neonatal surgical patients, pos-
sibly decreasing risks of hospital acquired complications, as 
well as an increased cost efficiency in the NICU department.

The drawbacks of this study are not classifying the opera-
tions based on severity of the presenting condition, variable 
lengths of procedure/anesthesia, having multiple practition-
ers involved in the care, and the small numbers of cases. 
However, all of the chosen cohorts were breathing indepen-
dently prior to the procedure. We feel that perioperative care 
is an aspect of neonatal care that is neglected and needs 
greater attention.
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Conclusions

This study suggests that delaying extubation post-operatively 
in NICU patients adversely affect the patients’ respiratory 
status that can lead to an increase in length of stay in turn 
leading to an increased risk of further complications and 
an increased cost of care. Addressing this critical issue will 
facilitate advancing the baby along ERAS protocols for other 
body systems and hopefully lower post-surgical morbidity 
and cost of care.
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