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Abstract

Purpose Perioperative fast-track management has gained
wide acceptance in the field of neonatal corrective heart
surgery. We have examined its impact on morbidity
outcomes.

Methods Between 1997 and 2009, 52 consecutive neo-
nates underwent corrective repair of congenital heart defects
on cardiopulmonary bypass. Fast-track management was
introduced in 2006 with the aim of simplifying care; it
includes early postoperative extubation with low-dose fen-
tanyl and an pulse oximeter oxygen saturation (SpQO,) target
of <95%, early removal of indwelling lines, and early
introduction of early enteral feeding. This was a retrospec-
tive review of the medical records in which perioperative
characteristics and outcomes of patients operated on prior to
the introduction of fast-track management care (controls,
group C) were compared with those operated on following
its introduction (fast-track group, group F).

Results Intraoperative fentanyl was administered in sig-
nificantly lower doses in group F (29.5 &+ 11.5 pg/kg) than
in group C (65.6 &+ 34.0 pg/kg) (p < 0.001). The median
number of days of postoperative mechanical ventilation
and inotrope administration was significantly lower in
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group F (2 and 4 days, respectively) than in group C (9 and
9 days, respectively) (p < 0.001 and p = 0.003). More
patients (p < 0.001) in group F (56.3%) than in group C
(0%) was extubated within <24 h. The median number of
days to postoperative weight recovery was significantly
lower in group F (16 days) than in group C (29 days)
(p = 0.003). Finally, the median number of days in the
Intensive Care Unit was significantly lower (p = 0.01) in
group F than in group C (16 vs. 26 days, respectively).
Mortality in group F was 0% versus 17% in group C
(p = 0.21).

Conclusions Fast-track management with simple care for
neonates undergoing complete biventricular repair of con-
genital heart defects was associated with better postoper-
ative recovery.

Keywords Neonatal care - Postoperative care -
Cardiac surgery - Congenital heart disease -
Early extubation

Introduction

Despite the known correlation between very young age or
low body weight and poor outcome after congenital heart
surgery [1-3], neonatal care is evolving toward the perfor-
mance of reparative operations at an increasingly younger
age, rather than offering palliative procedures while await-
ing the patient’s growth and development before proceeding
with total repair [4]. The advantage of an early repair lies in
the prompt correction of congenital cardiac defects and,
consequently, of the pathophysiologic consequences of
these defects, such as volume and pressure overload, chronic
hypoxemia, and abnormal growth and development [5].
Advances in preoperative diagnosis and perioperative
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management, including minimally invasive techniques and
cardiopulmonary bypass (CPB), have facilitated the per-
formance of early surgical interventions [6, 7].

Fast-track care, which is the simplification of perioper-
ative management and shortening of the time spent in the
intensive care unit (ICU) is also an important means of
further improving the outcome and lowering the medical
costs of pediatric patients undergoing cardiac surgery
[8-10]. In a number of studies, such patients were extu-
bated within 24 h after surgery (4-8 h after simple proce-
dures), had a lower rate of pulmonary complications and a
shorter stay in ICU and, in particular, gained more favor-
able psychological effects [11-13]. However, -clinical
experience with such simple care, fast-track management
in neonates remains limited [14, 15].

In this single-center study, we examined whether fast-
track care has modified the postoperative outcomes of
neonates who underwent corrective repair of congenital
biventricular heart defects, excluding isolated patent ductus
arteriosus and simple coarctation of aorta. We retrospec-
tively reviewed the medical records and compared the
perioperative characteristics and outcomes of patients who
were operated before the introduction of fast-track care, as
control, with those of patients who were operated on after
the introduction of this fast-track strategy.

Patient population and methods

With the approval of our Institutional Review Board, who
waived the need for written, informed consent from the
parents of the patients, we retrospectively reviewed the
hospital records of 51 consecutive neonates (36 males and
15 females) who, between January 1997 and June 2009,
underwent corrective surgery for congenital heart disease
on CPB at the University Hospital of Kyoto Prefectural
School of Medicine and who were admitted to the pediatric
ICU (PICU). One patient who died in the operation theater
was excluded.

The final diagnosis was made by echocardiography,
computed tomography and/or cardiac catheterization. All
patients were critically ill and suffered from low-output
syndrome, severe cyanosis, and/or congestive heart failure.
Inotropes, diuretics, and prostaglandins to preserve the
ductal-dependent blood flow, atrial balloon septostomy,
and mechanical ventilatory support were used, depending
on the cardiac defect and hemodynamic status.

Surgical procedure and techniques
All patients underwent primary repair by a single surgeon,

via median sternotomy and under hypothermic CPB. No
changes in CPB or intraoperative procedures occurred
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during the study period. Standard neonatal CPB techniques
and instrumentation were used, including non-pulsatile
roller pumps (HAS; Senko Medical Instrument, Tokyo,
Japan) and a SAFE-MICRO membrane oxygenator (Senko
Medical Instrument). The priming solution contained
5 ml/kg of 10% mannitol, 3 ml/kg of 8.5% sodium bicar-
bonate, acetated Ringer’s solution, and packed red cells, as
needed. Chlorpromazine 1-3 pg/kg/min and nitroglycerin
1-2 pg/kg/min were also continuously added to the venous
reservoir of the CPB priming solution. The aorta was
cannulated with a straight Teflon cannnula. Each vena cava
was drained with cannulas entering the right atrium. CPB
was performed under moderate hemodilution in order to
maintain a hematocrit between 35 and 40%, hypothermia
between 28 and 36°C, and whole body anticoagulation with
375 U/kg of heparin. The pump was set to maintain a >70%
continuously monitored, systemic venous oxygen saturation
and a >150 ml/kg/min flow to keep the mean arterial pres-
sure between 30 and 50 mmHg. Cardioplegic arrest was
induced by cold crystalloids. In patients presenting with
transposition of the great arteries, intermittent cold cardio-
plegia was usually administered anterogradely into the
aortic root and retrogradely via the coronary sinus.

No patient underwent deep hypothermic circulatory
arrest. Dilutional ultrafiltration began immediately after
hemodynamic stabilization and was continued throughout
the CPB. The hemodiafiltration circuit consisted of a
dialysis membrane of polymethyl methacrylate (HEMO-
FEEL CH-0.6N; Toray Medical, Tokyo, Japan) and dial-
ysate (Sublood BS; FUSO Chemical, Osaka, Japan) at a
flow rate of 2,000-2,500 ml/h. The CPB was discontinued
upon completion of the surgical procedure and the return of
normal body temperature, hemodynamic stability, and
normal sinus rhythm. After discontinuation of the CPB,
hemodiafiltration was continued for 10-15 min using the
CPB circuit for circulatory access.

Tracheal intubation and anesthetics

The patients were premedicated with transrectal chloral
hydrate, oral trichlophos, or oral diazepam, at the discretion
of the anesthesiologist, 20-30 min before admission to the
operating room. The trachea was intubated through the oral
cavity using an age-adjusted cuffed or non-cuffed tube fit to
ensure suitable ventilation in a premature neonate or in a full-
term neonate. Anesthesia was induced with intravenous
midazolam 0.2-0.3 mg/kg, vecuronium 0.1-0.2 mg/kg, and
fentanyl 1-2 pg/kg, and maintained with sevoflurane, fen-
tanyl and vecuronium. Midazolam 0.2-0.3 mg/kg, vecuro-
nium 0.1-0.2 mg/kg, and fentanyl 2—10 pg/kg were added to
the CPB circuit. Neostigmine was not administered for
reversal of muscle relaxation. The anesthetics and their doses
were chosen by each anesthesiologist, with the exception of
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fentanyl which, in patients of the fast-track care group, was
limited to doses imposed by our fast-track care protocol.

Patient monitoring

The systemic arterial pressure was continuously monitored
via a peripheral catheter, and the central venous pressure via
a catheter placed in the superior vena cava from an internal
jugular vein. Electrocardiogram, pulse oximetry and cap-
nogram were routinely monitored. The arterial blood was
sampled for measurements of blood gases. No pulmonary
artery or left atrial catheter was used, and transesophageal
echocardiograms were not systematically recorded.

Respiratory care and sedation

The patients were transferred to the PICU immediately after
the operation, while intubated and ventilated by pressure
control, pressure support, or time cycle pressure-limited
mode. They were extubated when (1) awake and breathing
spontaneously with a (a) >5 ml/kg tidal volume, (b) <60 rpm
respiratory rate, (c) <10 cm H,O-positive inspiratory support
pressure, and (d) <0.6 inspired oxygen fraction (FIO,), (2)
hemodynamically stable with a <10 inotropic score [16], and
(3) no major postoperative bleeding was observed. Following
extubation, oxygen was administered via a nasal cannula, as
needed. Fentanyl was administered by continuous intrave-
nous or subcutaneous infusion for analgesia in a standard dose
of 0.4-1.2 pg/kg/h, and midazolam 0.05-0.2 mg/kg/h, dex-
medetomidine 0.2-1.2 pg/kg/h, or both, were administered
for sedation, as needed.

Fast-track care

Around January 2006, we started to introduce fast-track
care, consisting of early (1) postoperative extubation, (2)
removal of all indwelling lines, and (3) initiation of enteral
feeding. Early extubation was facilitated by (1) lowering
the intraoperative doses of fentanyl to 20-30 pg/kg, (2)
limiting the use of postoperative vecuronium to intermit-
tent boluses that were administered when needed instead of
continuous infusions, and (3) setting the final pulse oxim-
eter saturation (SpO,) target at 92-95%, instead of >95%,
before the institution of fast-track care. The earliest pos-
sible removal of indwelling lines was guided by attending
intensivists and surgeons, and tube enteral feeding was
encouraged as early as 48 h postoperatively.

Perioperative data collection
Perioperative data were collected by retrospectively

reviewing the hospital records. Cardio-respiratory mea-
surements were made preoperatively, upon admission to

the ICU, and 24, 48, 72, and 120 h later. The preoperative
data included (1) age at surgery, (2) birth weight, (3)
weight at surgery, (4) sex, (5) gestational age, (6) history of
prematurity (<37th week of gestational age), (7) non-car-
diac malformations or genetic syndromes, and (8) need for
preoperative intravenous inotropic support, mechanical
ventilation, and hypoxic gas therapy. The intraoperative
data included (1) duration of CPB and aortic cross-clamp
time, (2) use of circulatory arrest, (3) duration of procedure
and anesthesia, (4) doses of sevoflurane, fentanyl, and
vecuronium, (5) epinephrine use, (6) delayed sternal clo-
sure and percutaneous cardiopulmonary support, and (7)
fluid balance. The postoperative respiratory observations
included (1) duration of mechanical ventilation and time
needed to reach a fraction of inspired oxygen (FIO,) <0.6,
(2) success rate of extubation within <24 h after surgery,
(c3 use of muscle relaxants or continuous intravenous
sedatives, (4) use, dose, and concentrations of inhaled nitric
oxide, (5) use of non-invasive positive pressure ventilation,
and (6) complications, including re-intubation, atelectasis,
pneumonia, pleural effusion, and pulmonary hypertensive
crisis, defined as a sudden decrease in SpO, and systemic
arterial pressure in combination with sudden increases in
central venous pressure, or a sign of right heart dysfunction
on echocardiograms. The postoperative measurements of
hemodynamic support included (1) inotropic score [dopa-
mine (png/kg/min) + dobutamine (pg/kg/min) + epineph-
rine (pg/kg/min x 100)] and (2) doses of dopamine
(pg/kg/min), dobutamine (pg/kg/min), and epinephrine
(pg/kg/min) [16]. Outcome measures included (1) the
Neonatal Therapeutic Intervention Score [17, 18], based on
observations made on the first day in the PICU, (2)
in-hospital mortality, and (3) postoperative clinical obser-
vations, including (a) length of stay in PICU and of
inotrope therapy, (b) placement of arterial, peripheral, or
central venous catheters, urinary catheter, or drainage tube,
(c) time to onset of enteral nutrition or oral feeding,
(d) time to recovery of preoperative body weight, (e) body
weight at the time of discharge from PICU, and (f) inci-
dence of postoperative renal failure requiring peritoneal
dialysis or other major organ dysfunction [19, 20]. All
patients underwent pre- and postoperative cerebral echog-
raphy, interpreted by experienced neonatologists, to
exclude the postoperative development of cerebrovascular
complications, intracranial bleeding in particular.

Outcome assessment

The primary outcome assessed in this study was postop-
erative morbidity, including postoperative duration in
mechanical ventilation or ICU stay. The surrogate out-
comes were other postoperative parameters associated
with morbidity, including postoperative requirement for
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Table 1 Baseline
characteristics of the study

groups and preoperative
management

Values are presented as the
mean =+ standard deviation
(SD), or as the number of
observations, with the
percentage in parenthesis

Group F, Fast-track care; group
C, control patients, operated on
prior to the introduction of fast-

Characteristics Group F (n = 16) Group C (n = 35) )4
Age at surgery (days) 123 £ 5.7 129 + 6.1 0.73
Birth weight (g) 2,934 + 349 2,979 + 545 0.76
Weight at surgery (g) 2,818 + 360 2,920 + 515 0.48
Male/female 10:6 26:9 0.61
Gestational age (weeks) 386+ 19 38.6 £ 1.7 0.92
<37 weeks of gestational age 1 (6) 4 (11) 0.98
Congenital disease
Down’s syndrome 0 13 0.87
Di George syndrome 1(6) 1(3) 0.74
Genito-urinary anomalies 0 13 0.87
Other dysmorphism or anomaly 1 (6) 2 (6) 0.98
Preoperative
Dopamine 0 18 (51) 0.003
Mechanical ventilation 6 (38) 27 (77) 0.02
Hypoxic gas therapy 6 (38) 11 31) 0.73
Prostaglandin therapy 12 (75) 31 (89) 0.66

track care

hemodynamic support or recovery of nutritional status or
pulmonary and other organ dysfunctions.

Statistical analysis

The data are expressed as mean =+ standard deviation (SD),
median (range), or numbers (%) of observations. The
baseline characteristics of both groups of patients were
compared using Student’s ¢ test, the Mann—Whitney U test,
or repeated measures analysis of variance for continuous
variables, and chi-square test for categorical variables. A
p value <0.05 was considered to be statistically significant.

Results
Patient population

The study included 16 consecutive neonates who under-
went corrective operations between January 2006 and
September 2009 (fast-track group, group F), and 35 con-
secutive neonates who were operated on between January
1997 and December 2005, prior to the introduction of fast-
track care (controls, group C). The baseline characteristics
of each study group are summarized in Table 1. The mean
gestational age, age at operation, birth weight, and weight
at surgery were similar in both groups. No patient pre-
sented with intraventricular hemorrhage, necrotizing
enterocolitis, or infectious complications.

The congenital heart defects operated on in each group
are shown in Table 2. The defects were complex in all
patients, including transposition of the great arteries
(n = 28), interrupted aortic arch complex (n = 10), and
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Table 2 Congenital heart defects in each study group

Congenital heart defects Group F Group C
(n = 16) (n = 35)
Transposition of the great arteries 10 18
Interrupted aortic arch complex 3 7
Coarctation of aorta complex 1 8
Truncus arteriosus 1 0
Double outlet right ventricle 0 1
Double inlet left ventricle 0 1
Pulmonary stenosis 1 0

Values are presented as the number of observations

coarctation of the aorta complex (n = 9) as most frequent
diagnoses. A single patient in group F and five patients in
group C presented with non-cardiac malformations or
genetic syndromes (Table 1).

Preoperative management

The main interventions used preoperatively are shown in
Table 1. No patient in group F was administered dopamine
while >50% of patients in group C received dopamine
(p = 0.003). No patient was treated with epinephrine. The
use of mechanical ventilation was also significantly lower
in group F patients than in group C patients (p = 0.02).

Intraoperative observations
Table 3 summarizes the measurements and observations

made intraoperatively. The duration of the CPB, aortic
cross-clamp, and overall operation was similar in both
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Table 3. Intraoperative Intraoperative observations Group F Group C P
observations (n = 16) (n = 35)
Duration (min)
Cardiopulmonary bypass 199 + 73 197 £ 77 0.95
Aortic cross-clamp 92 £53 91 £ 42 0.94
Operation 358 £+ 96 374 £+ 143 0.68
Anesthesia 485 + 120 449 + 119 0.34
Fentanyl (pg/kg) 30 £ 12 65 + 34 <0.001
Vecuronium (mg/kg) 2.1 +£1.2 24+ 13 0.35
Epinephrine 5 (31.3) 20 (57.1) 0.36
Values are presented as the Fluid balance (ml) 464 + 467 70 £ 235 <0.001
mean + SD or as the number Delayed sternal closure 4 (25.0) 20 (57.1) 0.07
(%) of obse.:rvations in the Percutaneous cardiopulmonary support 0 3 (8.6) 0.63
corresponding group
:a:lp;il:a::)r}lf)c:lt:ei eur:etrlr\llznts Postoperative respiratory measurements Group F Group C D
(n = 16) (n = 35)
Days of mechanical ventilation, median (range) 2 (1-49) 9 (1-65) <0.001
Extubation within <24 h 9 (56.3) 0 <0.001
Re-intubation 2 (12.5) 8 (22.9) 0.83
Vecuronium 0 31 (88.6) <0.001
Use of continuous intravenous sedatives 7 (43.7) 32 (91.4) 0.04
Days to <0.6 fraction of inspired oxygen 1.1 £1.6 52+£62 0.008
Use of nitric oxide 3 (18.9) 20 (57.1) 0.10
Non-invasive positive pressure ventilation 8 (50.0) 8 (22.9) 0.05
Values are presented as the Respiratory complications
mean =+ SD or as the number of Atelectasis/pneumonia 4 (25.0) 8(22.9) 0.58
observations in the Pleural effusion 3 (18.8) 2(5.7) 0.26
corresponding group, with the Pulmonary hypertensive crisis 0 3(8.3) 0.92

percentage in parenthesis

groups. The mean intraoperative dose of fentanyl was
approximately 50% lower in group F patients than group C
patients (p < 0.001), although the mean doses of sevoflu-
rane and vecuronium administered and the proportions of
patients who received epinephrine were similar in both
groups. The intraoperative fluid balance was markedly
greater in group F patients than in group C patients. The
sternum was left open after surgery in 20 of 35 patients
(57.1%) in group C versus four of 16 patients (25.0%) in
group F (p = 0.06). Percutaneous cardiopulmonary sup-
port was used in three hemodynamically unstable group C
patients versus no patient in the group F (not significant).

Postoperative lung and hemodynamic function

The postoperative respiratory variables are summarized in
Table 4. The arterial partial oxygen pressure/FIO, ratio
was similar in both groups. In the first 120 postoperative
hours, SpO, was significantly lower, time to reach an FIO,
<0.6 was shorter (Table 4), and supplemental oxygen,

expressed by FIO,, was lower in group F patients than in
group C patients. Nearly 90% of the patients in group C
received vecuronium during mechanical ventilation versus
0% of patients in group F (Table 4). The use of continuous
intravenous sedatives was significantly lower in group F
patients than in group C patients (p = 0.04), and the
median duration of mechanical ventilation was 7 days
shorter for group F patients than for group C patients.
When we limited the analysis to patients who were not
mechanically ventilated preoperatively, the duration of
postoperative mechanical ventilation was also 6 days
shorter in group F patients than in group C patients (7.3,
range 1-49 vs. 13.3, range 4-30 days, respectively;
p = 0.02). Likewise, the median duration of mechanical
ventilation limited to survivors was significantly shorter in
group F (2 days, range 1-49) than in group C (12.5 days,
range 2-65) (p < 0.001). Furthermore, six of 16 patients
(56.2%) in group F were extubated within <24 h compared
with no patient in group C (p < 0.001). The use of non-
invasive, nasal, continuous positive airway pressure and the
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rates of re-intubation and nitric oxide administration were
similar in both groups. In patients treated with nitric oxide,
the concentration was significantly smaller (0.67 £ 2.6 vs.
6.0 &+ 7.0 ppm; p = 0.005) and treatment duration was
shorter (0.36 £ 0.93 vs. 2.94 + 4.16 days; p = 0.02) in
group F patients than in group C patients.

The hemodynamic variables, including mean arterial
pressure and central venous pressure, were similar in both
groups throughout the study period. The inotropic scores in
the group F versus group C patients were 7.0 + 4.8 versus
142 = 9.8 on admission to the PICU (p = 0.007),
49 + 3.6versus 13.6 = 9.8at24 h(p = 0.001),3.4 £ 2.8
versus 12.4 + 10.0 at 48 h (p < 0.001), 1.8 & 2.5 versus
10.1 &+ 10.0 at 72 h (p = 0.002), and 0.36 & 1.4 versus
7.5 £ 15.6 at 120 h (p = 0.001) after the index operation.
The median duration of postoperative inotrope therapy was
5 days shorter for group F patients than for group C patients
(p = 0.003; Table 5).

Other postoperative observations and outcomes

The postoperative characteristics and clinical outcomes of
each study group are summarized in Table 5. The Neonatal
Therapeutic Intervention Scores measured on admission to
the PICU were similar in both patient groups and were
consistent with a high immediate postoperative morbid
risk. No group F patient died in the postoperative period
versus five patients (14.3%) in group C (p = 0.26). Of
these five patients, one with transposition of the great
arteries died in the immediate postoperative period from

pulmonary hypertensive crisis, three died due to low car-
diac output, and one died due to pulmonary hemorrhage.
The latter four patients had been placed on percutaneous
cardiopulmonary support.

The median length of stay in the PICU was 10 days
shorter for group F patients than for group C patients
(p = 0.007); this increased to 11.5 days (ranges 8-69 vs.
14-68 days, respectively) after exclusion of the non-sur-
vivors from the analysis (p = 0.001). Indwelling lines,
including vascular catheters, drainage tubes, and urinary
catheters, were in place for shorter lengths of time in group
F patients than in group C patients, and the duration of
peritoneal dialysis was significantly shorter in the former,
as was the time to onset of enteral nutrition, oral intake,
and to recovery of preoperative body weight (Table 5).

The incidence of postoperative pulmonary complica-
tions was similar in both groups, that of organ dysfunction
tended to be lower in group F (p = 0.14), and the number
of failing organs was significantly lower (p = 0.02) in
group F than in group C (Table 4).

Discussion

The results of this analysis indicate that the postoperative
outcome of neonates who underwent corrective cardiac
surgery with fast-track management aimed at providing
simple care was favorable. Simple interventions, such as
early tracheal extubation and withdrawal of indwelling
lines and catheters, were achieved safely. Moreover, fast-

Table 5 Postoperative

observations and outcomes in Postoperative observations and outcomes Group F Group C P
each study group (n = 16) (n =33)
Neonatal Therapeutic Intervention Score® 529 £ 74 53.6 £ 6.4 0.53
Deaths 0 5(14.3) 0.26
Median time, days (range)
Stay in intensive care unit 16 (8-69) 26 (3-68) 0.007
Inotrope therapy 4 (2-33) 9 (1-31) 0.003
Catheterization
Arterial 5 (2-40) 12 (1-66) 0.004
Peripheral venous 15 (6-180) 27 (2-116) 0.11
Central venous 5 (4-12) 12 (1-63) <0.001
Urinary 4 (2-25) 11 (1-68) <0.001
Drainage tube placement 4 (4-12) 8 (1-34) 0.19
] ] Peritoneal dialysis 1 (0-19) 4 (0-24) 0.04
g;ihe;s :r'ff:;ei:;ﬁefgsg or To onset of enteral nutrition 1(1-3) 6 (1-29) <0.001
the number of observations To onset of oral feeding 5 (0-110) 15 (3-69) <0.001
in the corresponding group, with To recovery of preoperative body weight 16 (7-34) 29 (8-103) 0.003
'thc percentage in parenthesis Weight on discharge from intensive care (g) 2,752 £ 363 2,808 £ 611 0.74
* On admission to pediatric Organ dysfunction 0 12 (34.3) 0.14

intensive care unit
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track care was associated with less hemodynamic or
respiratory support, better nutritional status, and shorter
time in ICU than standard care.

The mortality associated with corrective heart surgery,
including after the repair of complex defects, has decreased
markedly over the years [2, 8, 9]. The emphasis has
therefore shifted towards lowering morbidity and medical
costs [6, 8]. The introduction of early extubation is an
important step in that direction, also in pediatric cardiac
surgery [5, 9, 21]. Previous reports have suggested that
neonates, particularly when they are low weight, pre-
mature, or both, are at risk of poor outcomes after the
correction of congenital heart defects [3, 6]. These patients
are vulnerable to surgical stress due to the immaturity of
the major organs, including the heart, lungs, kidneys, or
coagulation system, which exposes them to perioperative
organ failures as well as to cerebral hemorrhage or
enterocolitis [2, 6, 7]. However, Chang et al. [21] have
recently suggested that delaying surgical interventions,
while awaiting organ maturation, is not recommended
since surgery after prolonged preoperative medical man-
agement is not associated with better postoperative out-
comes in low-birth-weight neonates. Others have reported
that an early, complete repair of complex lesions during
infancy are associated with an acceptable mortality of
between 10 and 22% [6, 22] and that delaying surgery is
likely to result in a higher perioperative morbidity [2, 9].
This improvement in outcome from early surgical inter-
vention may be due to improvements in surgical tech-
niques, perfusion technology, filtration techniques, and
perioperative care [7, 23].

Early extubation has advantages, including (1) lower
rates of tracheal tube- or ventilator-associated complica-
tions, such as airway irritation, accidental extubation, lar-
yngo-tracheal trauma, pulmonary hypertensive crisis,
mucous plugging of tracheal tubes, barotrauma, pneumo-
nia, atelectasis, and acute lung injury; (2) lower parental
stress; (3) less need for pharmacological interventions,
including sedatives and inotropes, and associated indwell-
ing lines; (4) earlier patient mobilization; (5) earlier initi-
ation of enteral feeding and improvement in nutritional
status; (6) earlier discharge from ICU or hospital and lower
costs [5, 10, 11, 15, 24]. Our results suggest that early
extubation could be associated with improved outcomes
even in the neonatal population. The early restoration of
organ function, including cardiac anatomy and physiology
after a surgical intervention, is beneficial for the postnatal
maturation of neonatal organs [6, 21], particularly in low-
weight babies who are at risk of severe secondary organ
injury [2, 7, 9].

The doses of narcotics are an important determinant of
early extubation [15, 24]. The use of high-dose opioid
techniques during anesthesia and in the postoperative

period was previously advocated to modulate the stress
response, maintain a stable hemodynamic function, and
prevent stress-mediated postoperative morbidity [14, 25].
Results from more current studies, however, have sug-
gested improvements in outcomes after cardiac surgery
with low-dose opiates anesthesia [10, 15], even in infants at
high risk of complications, including pulmonary hyper-
tension [11, 13, 26]. Opiates, particularly when adminis-
tered in high doses, may cause respiratory depression, gut
paralysis, and acute withdrawal phenomenon, which may
delay the postoperative recovery [5]. The postoperative use
of muscle relaxants can also delay recovery due to pro-
longed ventilator dependency.

The lower SpO, target, which were decreased to
92-95% in our contemporary protocol, is an another factor
that facilitates early extubation. The SpO, goal is included
in the changes that have made a great impact on the
practice of neonatal respiratory intensive care in this dec-
ade. Neonatologists have been avoiding high SpO, goals,
as significant adverse pulmonary events can occur when
exposing neonates to oxygen saturations above 95% [27,
28]. Our results confirm the safety of lowering the SpO,
target after cardiac surgery. Its decrease was associated
with an early lowering of FIO,, which contributed to a
shorter time to extubation and, perhaps, to the protection of
the lungs against oxygen toxicity.

Enteral nutrition is considerably facilitated by early
extubation [29], combined with changes in early feeding
protocol. Feeding obstacles after cardiac surgery are
common in neonates, affecting growth, wound healing, and
immune functions and promoting postoperative morbid
complications [29, 30]. Although we did not measure the
caloric intake or balance, early enteral feeding after sur-
gical repair assists in the early recovery of nutritional sta-
tus, gut integrity and motility, and immune status [30, 31],
as expressed by an earlier body weight recovery observed
in this study.

Study limitations

This study is limited by its retrospective design and the
heterogeneity of the congenital heart diseases it included.
The categorization of the population in two groups
according to surgical periods complicates the interpretation
of the study results because of the technical improvements
taking place over time, although neither the surgeon nor the
general patient management, including CPB management,
changed during the study period. Second, we can not
exclude the possibility that frequent preoperative inter-
ventions in group C might directly or indirectly have
affected lower postoperative morbidity. However, we still
found a significant difference in the number of ventilator
days between the two study groups when we limited the
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analysis to patients who had not been ventilated preoper-
atively (6 days shorter in group F vs. group C). Third, we
did not measure the compliance to fast-track care in a
clinical situation, which might influence its success rate as
well as patient outcomes. This study is descriptive in terms
of the choice made by the pediatric cardiac intensivists and
does not necessarily state that the newly introduced fast-
track management is the only cause that leads particular
outcomes. Fourth, we included only patients undergoing
complete surgical repairs. Whether our results can be
extrapolated to palliative operations is unknown. Finally, a
prospective, multicenter study including a larger number of
patients is needed to clarify the effectiveness of the type of
care being performed in our institute to neonates under-
going heart surgery.

In conclusion, fast-track management of neonates with
the aim of providing simple care for neonates who under-
went repair of congenital biventricular heart defects was
safely implemented and was associated with better post-
operative recovery.
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