L))

Check for
updat

Original Article

Risk factors for prolonged mechanical ventilation in neonates
following gastrointestinal surgery

Huanhuan Wang'#, Estelle B. Gauda’, Priscilla P. L. Chiu’, Aideen M. Moore*

'Division of Neonatology, Children’s Hospital of Fudan University, National Children’s Medical Center, Shanghai, China; Division of Neonatology,
The Hospital for Sick Children, Toronto, Ontario, Canada; 'Division of General and Thoracic Surgery, The Hospital for Sick Children, Department
of Surgery, University of Toronto, Toronto, Ontario, Canada; *Division of Neonatology, The Hospital for Sick Children, Toronto, Ontario, Canada
Contributions: (I) Conception and design: AM Moore, H Wang; (I) Administrative support: AM Moore, EB Gauda; (ITI) Provision of study materials
or patients: AM Moore, H Wang, PPL Chiu; (IV) Collection and assembly of data: AM Moore, H Wang; (V) Data analysis and interpretation: All
authors; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Aideen M. Moore. Division of Neonatology, The Hospital for Sick Children, 555 University Ave, Toronto, Ontario, M5G1X8,

Canada. Email: aideen.moore@sickkids.ca.

Background: Prolonged mechanical ventilation (MV) should be avoided in neonates. Noninvasive
ventilation (NIV) can facilitate weaning from MV but has risks for patients immediately following foregut
surgery due to the potential risk of anastomotic leak. We evaluated the risk factors for prolonged MV
following intestinal surgery in neonates.

Methods: We retrospectively reviewed 253 neonates undergoing intestinal surgery in 2017-2018 to identify
risk factors for prolonged MV, and determine the correlation between NIV and anastomotic leak in a tertiary
neonatal intensive care unit that performs the greatest number of neonatal surgeries in Ontario.

Results: The most common diagnoses were necrotizing enterocolitis/spontaneous intestinal perforation
(NEC/SIP) 21%, intestinal atresia 16%, esophageal atresia/tracheoesophageal fistula 14%, ano-rectal
malformation 13%, malrotation/volvulus 11%, gastroschisis 9% and omphalocele 4%. The median IQR)
duration of MV post-surgery was 3 (1-8) days with 25.7 % (n=65) of neonates on MV for >7 days. Compared
to infants on MV post-surgery for <7 days, those with MV>7 days were of lower gestational age, birth weight
and weight at surgery, but a higher proportion underwent stoma creation, had a longer duration of opioid
administration and higher rates of moderate to severe bronchopulmonary dysplasia (BPD) and mortality
(P<0.05). Generalized linear regression analysis showed lower gestational age (GA) and longer opioid
administration were associated with longer duration of MV (P<0.001), but indication for surgery, weight
at surgery and stoma creation didn’t correlate with longer duration of MV (P>0.05). Of the 122 patients
handled by one-stage resection with primary anastomosis, 22.1% (n=27) received NIV with 74.1% (n=20)
commenced on NIV after 7 days post-surgery, anastomotic leak was detected in 2.5 % (3/122) patients and
didn’t correlate with NIV.

Conclusions: Lower GA and longer opioid administration were risk factors for prolonged MV in neonates
following intestinal surgery. Further research is needed to investigate modifiable practices around pain

assessment/ventilation in these patients, and the correlation between NIV and anastomotic leak.
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Introduction

Surgery to treat gastrointestinal (GI) disorders due to birth
defects and necrotizing enterocolitis (NEC) is common
in the neonatal period. Mechanical ventilation (MV)
is required during surgery and weaned off in the post-
operative period. To minimize the complications of MV
in neonates, it is important to avoid both unnecessary
prolongation of MV and premature extubation. Extubation
failure is independently associated with increased mortality,
longer hospitalization, and more days on oxygen and
ventilatory support (1-3). Prolonged MV is not only
associated with higher mortality and morbidity in critically
ill patients (4-14), but also increases the risk of developing
laryngeal injury (8), bronchopulmonary dysplasia (BPD) (9),
tracheitis and ventilator-associated pneumonia in preterm
infants (11-13). In addition, prolonged MV may expose
newborn infants to prolonged discomfort associated with
short- and long-term adverse sequelae including physiologic
instability, altered brain development, and abnormal
neurodevelopment that can persist into childhood (15).
Early extubation has been associated with shorter neonatal
intensive care unit (NICU) stays, decreased costs, and
lower incidence of moderate to severe BPD in non-surgical
infants (16,17), and the use of non-invasive ventilation
(NIV) to facilitate weaning from invasive MV has become
standard practice. The use of NIV may decrease extubation
failure, reduce frequency of apnea and lower the long-term
complications of BPD, retinopathy of prematurity and brain
injury among premature infants (10,18-21). However, the
use of NIV for surgical infants is less clear as surgery was an
exclusion criterion in the randomized trial (22), and NIV is
used cautiously in the early post-operative period for infants
who have had foregut surgery, especially esophageal atresia
or tracheoesophageal fistula (EA/TEF) repair. One recent
report found a significantly higher rate of anastomotic
leak and mediastinitis for those infants extubated to NIV
immediately after EA/TEF repair (23). Conversely, another
study suggested that continuous positive airway pressure
(CPAP) after extubation in the post-operative care of EA/
TEF neonates may be safe and was not associated with
a higher risk of anastomotic leak, recurrence of fistula,
esophageal strictures or mortality (24). A Cochrane review in
2015 concluded that CPAP or bilevel non-invasive positive
pressure ventilation was an effective and safe intervention for
the treatment of adults with acute respiratory failure after
upper abdominal surgery (25). A systematic review published
by Ireland et al also concluded that CPAP initiated during
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the post-operative period may reduce post-operative
atelectasis, pneumonia and reintubation (26). However,
based on the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) methodology, the
quality of evidence from the two reviews was low or very
low and the findings may not be relevant to neonates in the
post-operative period.

Given the lack of supporting evidence for the use of NIV
among surgical neonates, we reviewed our institutional
experience in the current era of neonatal intensive care. The
objectives of this study were to assess the post-operative
outcomes and the risk factors for prolonged MV in neonates
undergoing intestinal surgery in a tertiary NICU with
the highest volume of neonatal surgeries in Canada. The
population described could serve well in future randomized,
controlled, interventional trials to reduce the length of
MV in neonates following GI surgery. We present the
following article in accordance with the STROBE reporting
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-22-14/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by Ethical Review Board of the Hospital
for Sick Children (STUDY#: 1000062642) and individual
consent for this retrospective analysis was waived. Infants
admitted to the NICU for GI surgery from January 1,
2017 to December 31, 2018 were included. We excluded
infants with an admission age greater than 44 weeks post-
menstrual age (PMA) and those bedside procedures
performed with general anesthesia including closure of
gastroschisis, omphalocele or cord hernias and NEC or
spontaneous intestinal perforation (SIP) managed by
bedside drain insertion. Data were collected retrospectively
from the hospital records, surgical reports and operating
room logbooks. All data were analyzed based on patients’
characteristics at first surgery.

Indications for surgery include restoration of intestinal
continuity, abdominal sepsis, bowel obstruction and large
abdominal wall defects. All diagnoses were determined by
the clinical presentation and confirmed by the findings
at surgery. NEC was diagnosed by the presence of
pneumatosis on abdominal X-ray or ultrasound, or at
surgery and pathology. SIP was diagnosed by clinical,
surgical, pathological and radiological criteria. Patient data
were collected until discharge from NICU. The diagnosis
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Table 1 Type of operation and post-operative management in 253 neonates following gastrointestinal surgery

Diagnosis NEC/SIP Intestinal atresia EA/TEF ARM Malrotation/volvulus  Gastroschisis
N, n (%) 54 (21.3) 41 (16.2) 35 (13.8) 34 (13.4) 27 (10.7) 22 (8.7)
GA, w 27.5+4.2 35.6+3.3 37.0+3.1 38.1+£1.9 35.7+5.5 36.7+0.8
BW, g 982+668 2,464+813 2,459+623 2,951+578 2,696+1,039 2,578+467
Age at operation, d 10 [4-25] 2[1-3] 1[1-2] 2[1-2] 5[1-16] 6 [3-7]
Weight at operation, g 1,221+765 2,438+803 2,512+602 2,930+578 2,671+£976 2,712+428
Bowel resection, n (%) 35 (64.8) 38 (92.7) 1(2.9 1(2.9 8 (29.6) 2(9.1)
Stoma creation, n (%) 31 (57.4) 2(4.9) 1(2.9) 23 (67.6) 2(7.4) 0
Duration of MV, d 9 [4-37] 2[1-4] 3 [2-9] 1[0-2] 2[1-7] 3 [1-5]
NIV after extubation, n (%) 28 (51.9) 4 (9.9 3(8.6) 4(11.8) 5(18.5) 3(13.6)
Duration of opioids infusion, d 7 [4-18] 3 [2-4] 5 [3-10] 2 [1-3] 4 [2-8] 9 [3-12]
Mortality, n (%) 15 (27.7) 2(4.8) 0 0 13.7) 0

Values are given in number and percentage, n (%), mean + SD or median and interquartile range [IQR]. NEC, necrotizing enterocolitis; SIP,
spontaneous intestinal perforation; EA/TEF, esophageal atresia-tracheoesophageal fistula; ARM, ano-rectal malformation; GA, gestational
age; BW, birth weight; MV, mechanical ventilation; NIV, non-invasive ventilation.

of BPD was made in preterm infants at 36 weeks PMA, with
severity of disease based on the amount of supplemental
oxygen and/or positive pressure support required by the
infant (27). A spontaneous breathing trial (SBT) was done
before extubation (28,29). Prolonged MV was defined as
MV for >7 days following surgery in this study (30).

Statistical analysis

Statistical analysis was performed using SPSS software (v.
22.0, SPSS Inc., Chicago, IL, USA). Continuous variables
were summarized as mean * standard deviation (SD), or
median and interquartile range (IQR), or range. Categorical
data were expressed as number and percentage (%). Chi
square or Fisher’s exact test for categorical variables and
Mann-Whitney for continuous variables were used for
two groups comparison. Pearson or Spearman correlation
coefficient was used for relationships between two
variables. Generalized linear model was used for binary
and continuous outcomes. A P value less than 0.05 was
considered statistically significant.

Results
Patient characteristics

Clinical characteristics and surgical diagnoses of the patients
are shown in 7able 1. In total, 253 infants underwent 291
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surgical procedures—220 (87.0%) had 1 operation while
in the NICU, 28 (11.1%) had 2 operations and 5 (1.6%)
had >2 operations. Male/female ratio was 1.6:1. The mean
GA was 34.3£5.4 weeks (range: 22.7-41.9 weeks). Preterm
infants (GA <37 weeks) accounted for 52.6% (n=133) of the
overall cohort and of these, 41.3% (55/133) were born at
GA <28 weeks. Mean birth weight (BW) was 2,233+1,037 g
(range: 400-4,180 g). Low BW (LBW, <2,500 g) accounted
for 53.8% (n=136) of padents, with 55.1% (75/136) of these
infants considered as very low BW (VLBW, <1,500 g). The
median (IQR) age at first surgery was day 3 (1-8 days) of
life, day of life 2 (1-4 days) for term patients compared to
day of life 5 (1-17 days) for preterm infants (P<0.001). Mean
weight at first surgery was 2,236+972 g, with a mean weight
of 3,037+488 g for term infants compared to 1,694+855 g for
preterm infants at the time of first surgery (P<0.001).

GI disorders for surgery and type of surgery

The most common diagnosis requiring operative treatment
was NEC/SIP occurring in 21.3% (n=54) of cases, followed
by intestinal atresia (16%), EA/TEF (14%), ano-rectal
malformation (ARM, 13%), malrotation/volvulus (11%),
gastroschisis (9%) and omphalocele (4%) (1able 1). Overall,
48.2% (n=122) of patients were handled by one-stage
resection with primary anastomosis. Stoma was created in
26.5% (n=67) of patients.
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Table 2 Clinical characteristics and post-operative management of
NEC/SIP patients with or without stoma creation

NEC/SIP Stoma (+) Stoma (-) P value
N, n (%) 31(57.4) 23(42.6)

Male, n (%) 21(67.7) 11(47.8) 0.141
GA, w 27.3+4.3 27.7+41 0.245
SGA, n (%) 8 (25.8) 5@21.7) 0.73
BW, g 9531664 1,021+687 0.441
BW <1,000 g, n (%) 24 (77.4) 16(69.6) 0.515
Bowel resection, n (%) 23(74.2) 12(52.2) 0.137
Duration of invasive MV, d 23 [5-44] 5[2-14] 0.016
NIV after extubation, n (%) 18 (58.1) 10 (43.5) 0.137
Pain management, n (%) 29(93.5) 18(78.3) 0.029
Duration of opioids infusion, d 9 [5-21] 6 [2-17] 0.167
Moderate to severe BPD, n (%) 23(74.2) 13(56.5) 0.173
Mortality, n (%) 7 (22.6) 8(34.8) 0.322

Values are given in number and percentage, n (%), mean + SD or
median and interquartile range [IQR]. Comparisons of categorical
variables were performed with Chi square test or Fisher’s
exact test. Mann-Whitney test was applied for comparisons
of continuous variables. NEC, necrotizing enterocolitis; SIP,
spontaneous intestinal perforation; GA, gestational age; SGA,
small for GA; BW, birth weight; MV, mechanical ventilation; NIV,
non-invasive ventilation; BPD, bronchopulmonary dysplasia.

Respiratory management following GI surgery

The median (IQR) duration of MV post-surgery was 3
(1-8) days, with 25.7% (n=65) of infants on MV for >7 days.
NEC/SIP patients had the longest duration of invasive MV
(P<0.001) compared to the other surgical neonates, with
almost half of them transitioned to NIV support following
extubation. For NEC/SIP survivors, 41% (16/39) had
endotracheal intubation on MV support post-surgery for
>14 days. Compared to NEC/SIP infants without stoma,
those with NEC/SIP who underwent stoma creation at
surgery had longer duration of MV (23 wvs. 5 days, P=0.016)
but similar incidence of moderate to severe BPD (74.2% ws.
56.5%, P>0.05) (Table 2). Among patients with diagnoses
other than NEC/SIP (Tuable 1), EA/TEF patients were
maintained on invasive MV for a longer post-operative
period than other infants with similar GA and BW (P<0.001).

Compared to infants who were on post-operative
MV for <7 days, patients with MV >7 days had lower
gestational age, birth weight and weight at surgery, but
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Table 3 Clinical characteristics and post-operative management for
253 neonates requiring mechanical ventilation (MV) for >7 days or
<7 days

Length of MV, d >7 days <7 days P value
188
0,
N, n (%) 65 (25.7) (74.3)
Male, n (%) 35(53.8) 119(63.3) 0.178
GA, w 28.5+4.9 36.3+3.9 <0.001
BW, g 1,202+717 2,589+880 <0.001

Weight at surgery, g 1,410+£796 2,681+789 <0.001

BW <1,000 g, n (%) 39(60.00 16(8.5) <0.001
Bowel resection, n (%) 37 (56.9) 64 (34.0) <0.001
Stoma creation, n (%) 25(38.5) 42(22.3) 0.011
Duration of MV, d 16 [12-38] 2[1-3] <0.001
NIV after extubation, n (%) 37 (66.9) 19(10.1) <0.001
Pain management, n (%) 64 (98.5) 154 (81.9) <0.001
Duration of opioids infusion,d 12 [5-23] 3[2-5] <0.001
Moderate to severe BPD, n (%) 34 (52.3) 5(2.7)  <0.001
Mortality, n (%) 9(13.8) 11(5.9) 0.039

Values are given in number and percentage, n (%), mean +
SD or median and interquartile range [IQR]. Comparisons
of categorical variables were performed with Chi square
test or Fisher’s exact test. Mann-Whitney test was applied
for comparisons of continuous variables. MV, mechanical
ventilation; GA, gestational age; BW, birth weight; NIV, non-
invasive ventilation; BPD, bronchopulmonary dysplasia.

a higher percentage of stoma creation procedure, longer
post-operative opioid administration, higher incidences of
moderate to severe BPD and mortality in NICU (P<0.05)
(Table 3).

Respiratory management and anastomotic leak

For the 122 patients handled by one-stage resection
with primary anastomosis, intestinal atresia was the most
common diagnosis, followed by EA/TEF and NEC/SIP
(Table 4). About 22.1% (n=27) patients received NIV and
the median time NIV was commenced was post-operative
day 2 (3-9). Only 11.1% (3/27) and 25.9 (7/27) patients
were put on NIV in the first 3 days and first 7 days post-
surgery, respectively.

Anastomotic leak was only found in 2.5% (3/122) of
these patients: 1 EA/TEF patient, 1 malrotation/volvulus

Transl Pediatr 2022;11(5):617-624 | https://dx.doi.org/10.21037/tp-22-14



Translational Pediatrics, Vol 11, No 5 May 2022

621

Table 4 Respiratory management in 122 neonates handled by one-stage resection with primary anastomosis

Diagnosis | n;ter:tsiir;al EATTEF NEC/SIP Psc;fltc;t': IrEeC pAaT::L:tleaellrs . 3|orlc\>/t$ﬂzn/ peGrf?)Sr:'iE)n
N, n (%) 39 (32.0) 35 (28.7) 17 (13.9) 8 (6.5) 7(5.7) 6 (4.9 54.1)
GA, w 35.5+3.4 37.0+3.2 28.4+4.5 32.0+4.5 37.0£2.3 30.0+5.6 29.5+6.5
MV pre-surgery, n (%) 4(10.3) 1.9 8 (47.1) 1(12.5) 0 1(16.7) 2 (40.0)
MV post-surgery, n (%) 35 (89.7) 31 (88.6) 17 (100.0) 7 (87.5) 7 (100.0) 6 (100.0) 5(100.0)
NIV after extubation, n (%) 4(10.3) 3(8.6) 10 (58.8) 1(12.5) 0 4 (66.7) 3(60.0)
NIV commenced on POD, d 2[1-4] 3[2-10] 8[4-17] 3[2-9] 3[1-3] 8 [7-18] 12 [5-27]
Anastomotic leak, n 1 1 0 0 0 1 0
Anastomotic leak on POD, d 11 4 - - - 5 -
Respiratory support at anastomotic leak None Invasive MV - - - Invasive MV -
Treatment for anastomotic leak Operation Operation - - - Operation -

Values are given in number and percentage, n (%), mean + SD or median and interquartile range [IQR]. EA/TEF, esophageal
atresia-tracheoesophageal fistula; NEC, necrotizing enterocolitis; SIP, spontaneous intestinal perforation; GA, gestational age; MV,
mechanical ventilation; NIV, non-invasive ventilation; POD, post-operative day.

patient who required bowel resection, and 1 ileal atresia
patient with resection. Anastomotic leak was noted on post-
operative day 4-5 in the first 2 patients while they remained
intubated on MV and NPO. For the patient with ileal
atresia who was successfully extubated to room air on post-
operative day 1, anastomotic leak was detected on post-
operative day 11, 6 days after enteral feeds were started.

Risk factors for prolonged MV following GI surgery

To determine if the diagnosis, GA, weight at surgery, stoma
creation as part of the surgical procedure and duration of
opioids administration correlated with duration of MV
post-surgery, we performed generalized linear regression
equation for modeling and found that the smaller the GA,
the longer the duration of invasive MV, and the longer the
opioids administration post-surgery, the longer the duration
of invasive MV (P<0.001).

Discussion

We report a single centre experience of GI surgeries and
post-operative ventilatory management outcomes among
253 neonates during a 2-year period. We found that the use
of opioid analgesia and low GA significantly correlated with
an increased length of MV among surgical neonates.
Endotracheal intubation and MV support are essential
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to perform multiple GI surgical procedures under general
anesthesia. However, extended use of opiates for post-
operative pain management correlated with prolonged MV,
while orotracheal intubation can contribute to additional
discomfort, a “vicious circle” of opioid need and prolonged
MV requirement. Exposure to painful stimuli at early stage
of life results in short- and long-term adverse sequelae
including physiologic instability, altered brain development
and abnormal neurodevelopment that can persist into
childhood (15). Post-operative pain control is an important
component of surgical patient care. Studies from the
Canadian Neonatal Network demonstrated the duration
of MV was significantly higher among infants exposed to
opiates compared to infants who were not (31,32), and linear
regression analysis in current study showed that opioid
administration post-surgery was associated with longer
duration of invasive MV. Although administration of opioids
in neonates has increased over time (33), published data on
post-operative pain assessment and management vary widely
among surgical neonates and different institutions (34).
Objective assessment tools of pain are used in less than
one-third of NICU admissions and daily assessments are
performed in only 10% of newborns admitted to NICUs
in 18 European countries (35). Neonatal pain assessment
tools such as PIPP and FLACC may not be ideal for
surgical infants (36-38). Although protocols are available
for pain assessment and management in our NICU (36),
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the rationale for the type of analgesia used for different
patients and operative procedures could not be discerned in
this retrospective study. Evidence-based and standardized
evaluation and management of pain among neonates during
the post-operative period is required.

Another potential risk factor for prolonged post-
operative MV is to avoid NIV in the early post-operative
period, as positive pressure air flow via NIV into the GI
lumen may cause leak or disruption at the anastomotic
site. One recent report demonstrated a significantly higher
rate of anastomotic leak and mediastinitis for infants
extubated to NIV following EA/TEF repair (23). However,
some studies suggested NIV after extubation in the post-
operative care of patients undergoing GI surgery may be
safe and is not associated with increased risk of anastomotic
leak (24-26). Of all patients handled by one-stage resection
with primary anastomosis in our cohort, the incidence of
anastomotic leak in these patients was relatively low. Our
study didn’t show anastomotic leak correlated with NIV,
but the relationship between NIV and anastomotic leak
need further investigation, because 75% patients were
put on NIV over 7 days post-surgery in our cohort, and
among patients with diagnoses other than NEC/SIP, EA/
TEF patients were maintained on invasive MV for a longer
post-operative period than other infants with similar GA
and BW, which may be due to the concern of anastomotic
leak. One of the limitations in this study is the retrospective
data collection making it difficult to distinguish patients
who were suitable for extubation based on the respiratory
support but not extubated due to the concern of anastomotic
leak. Further research can be considered to investigate the
interval between patients who were suitable for extubation
and the time patients were finally extubated post-surgery.

Conclusions

NEC/SIP remains the most common diagnosis requiring
surgery. Lower GA and longer opioid administration
were risk factors for prolonged MV in neonates following
intestinal surgery. Further research is needed to investigate
modifiable practices around pain assessment/ventilation
in these patients, and the correlation between NIV and
anastomotic leak.
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