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because of the physiological benefit of promoting normal growth and development, limiting
the pathophysiological consequences of cardiac defects such as volume overload, pressure
overload, and chronic hypoxemia. The concept of “fast-track™ postoperative care postcardiac

surgery, predicated on early extubation, has been present for the last two decades. Advances
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in surgical techniques and postoperative management have altered the expectations for
mechanical ventilation following cardiac surgery. Objective: The objective of the current

study was to evaluate the timing of first extubation and compare the outcome of patient

Quick Response Code

extubated early with others; we also evaluated the predictors of early extubation in our

cohort. Materials and Methods: Between Julys to December 2019, BSMMU, Dhaka,
Bangladesh 60 consecutive patients undergoing cardiac surgery were preoperatively selected
for post-operative admission in the postanaesthesia care unit (PACU) and were included in

[=]'s

this study the PACU pathway. This study included children <1 year of age undergoing
:!5' surgery for congenital heart disease. Timing of first extubation was noted, and patients were
dichotomized in the group taking 6 h after completion of surgery as cutoff for early

extubation. The outcome of the patient’s extubated early was compared with those who
required prolonged ventilation. Variables were compared between the groups, and predictors
of early extubation were evaluated using multivariate logistic regression analysis. Results:
One hundred and ninety-four (33.8%) patients were extubated early including 2 extubation
in operating room and 406 (70.7%) were extubated within 24 h. Four (0.7%) patients died
without extubation. No significant difference in mortality and reintubation was observed
between groups. Patient extubated early had a significant lower incidence of sepsis
(P=0.003) and duration of Intensive Care Unit (ICU) stay (P = 0.000). Age 10 were
independently associated with prolonged ventilation. Conclusion: Early extubation in
infant’s postcardiac surgery lowers pediatric ICU stay and sepsis without increasing the risk
of mortality or reintubation. Age more than 6 months, less complex of procedure, shorter
surgery time, and lower inotropic requirement are independent predictors of early

extubation.
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INTRODUCTION

Repair of congenital heart diseases has become
a routine in infancy because of the physiological benefit
of promoting normal growth and development, limiting
the pathophysiological consequences of cardiac defects
such as volume overload, pressure overload, and
chronic hypoxemia. The concept of “fast-track”
postoperative care postcardiac surgery, predicated on
early extubation, has been present for the last two
decades [1-3]. Advances in surgical techniques and
postoperative  management  have altered the
expectations for mechanical ventilation following
cardiac surgery. Although widely described in adult
population and has shown to reduce the duration of

Intensive Care Unit (ICU) stay and cost without altering
mortality and morbidity, the concept is quite less well
described in children [4-7]. The paucity of pediatric
data, heterogeneity in the individual’s age, physiology
and anatomicalcomplexities and nonavailability of
consistent clinical practice guidelines have made it
difficult to adapt the practice of fast-tracking. We also
evaluated the predictors of early extubation in our
cohort. The primary objective of the current study was
to evaluate the timing of first extubation in neonates
and infants in our cohort and compare the outcomes of
patient extubated early with those who required
prolonged ventilation.
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MATERIALS AND METHODS

This study was performed in Bangabandu
Sheikh Mujib Medical University (BSMMU), Dhaka,
Bangladesh from July to December 2019. The local
medical ethics committee approved the study and
waived the need for an informed consent. All
consecutive patients who met the inclusion criteria and
entered the PACU protocol were included in this study.
Clinical data, including demographics, risk factors and
complications, were prospectively collected in our
computerized database.

Inclusion criteria for the PACU protocol

a) Patients scheduled for isolated coronary artery
bypass grafting (CABG), off-pump coronary
artery bypass (OPCAB), isolated aortic valve
replacement (AVR) or combined AVR with
one coronary bypass graft.

b) Non-complex isolated cardiac  surgical
procedures (closure of atrial septal defect or
removal of an atrial myxoma)

Exclusion criteria for the PACU protocol

a) Physical status class of >3 (according to the
American  Society of  Anesthesiologists
classification)

b) Patients undergoing reoperation.

¢) Chronic obstructive pulmonary disease
(COPD) GOLD class >2.

d) Left ventricular dysfunction.

e) Serum creatinine of >150 mmol 1 %,

f) Body mass index (BMI) of >35 kg m 2.

g) Emergency operations.

h) Surgical complications necessitating prolonged
cardiopul-monary bypass time (CPB) (>150
min).

Early extubation was defined as first
extubation within 6 h of completion of surgery which
was taken as the “sign out” time of WHO Surgical
Safety Checklist. Mortality in ICU was considered as
our primary outcome. Mortality in patient extubated
early was taken as 2% and in those requiring prolonged
ventilation as 8.5% based on the previous unpublished
data from our center. To determine an absolute
difference of 6.5% with 95% confidence interval and
power of study as 80%, 2-sided sample size was
calculated as approximately 185 in each group.

Patients who were hemodynamic stable and
had satisfactory transesophageal echocardiography
findings were planned for extubation in operation
theater (OT) or immediately on arrival in pediatric ICU
(PICU). These patients received reversal (Naloxone
0.01 mg/kg intravenous and Neostigmine 0.03 mg/kg
intravenous with Glycopyrrolate 0.02 mg/kg) in OT
based on the opinion of anesthetist and surgeon.
Patients shifted to PICU without receiving reversal
were observed for hemodynamic stability and reversal

was administered if required based on the opinion of
intensivist and surgeon. Patients who remained
hemodynamic  unstable and/or had abnormal
two-dimensional (2D) echocardiography (persistent
severe PAH, left ventricular [LV] dysfunction, etc.)
and/or hemodynamic significant arrhythmias were not
planned for extubation, and no reversal was
administered. In PICU hemodynamic monitoring was
done on real-time monitors. Arterial blood gas was also
monitored and 2D echocardiography was done within
first 2 h to detect any significant abnormalities.

Paracetamol (15 mg/kg body weight
administered intravenous every 6 hourly) or NSAIDs
(ketorolac 0.5 mg/kg body weight intravenous every 6
hourly as second-line agent) was used for analgesia if
the patient was extubated or was planned for early
weaning. Low-dose fentanyl (1-2 mg/kg/h) was used if
the patient was planned for prolonged extubation or had
any contraindication for extubation. Patients who were
hemodynamically stable, had normal echocardiography,
and in whom no significant rhythm abnormality was
noted were not given any sedation and were planned for
extubation.  Short-acting  sedatives  (Midazolam
intravenous bolus 0.1-0.2 mg/kg) if required were used.
Patients not planned for immediate extubation due to
any reasons were given intravenous Midazolam
infusion (1-2 pg/kg/min) for sedation.

Patients were considered fit for extubation
when adequately awake, normothermic (core body
temperature 36°C), regularly self-breathing with tidal
volume of at least 5 mL/kg, normal preextubation
arterial blood gas analysis on FiO2 of 0.4, optimal
hemoglobin with no metabolic acidosis, stable
hemodynamics with minimal inotropic support,
minimal  chest tube drainage, and normal
perioperative/postrepair transesophageal or
epicardialechocardiography. Time of extubation from
completion of surgery was noted. Those who could not
be extubated early were evaluated for the likely causes
associated with prolongation of ventilation. Procedures
were classified according to risk adjustment for
congenital heart surgery (RACHS) category [8].
Vasoactive-inotropic score (VIS) was calculated using
formulae: Dopamine dose (pg/kg/min) + Dobutamine
dose (pg/kg/min) +100 x Epinephrine dose (pg/kg/min)
+10 xMilrinone dose (Hg/kg/min)+10,000
xVasopressin -~ dose  (units/kg/min)  +100  x
Norepinephrine dose (pg/kg/min)[9].

DATA ANALYSES

Patients were dichotomized into groups who
were extubated early and those who required prolonged
ventilation for comparison of outcome. Outcome
indicators used were ICU mortality, PICU length of
stay, reintubation, and postoperative sepsis. Variables
(preoperative, perioperative, and postoperative) were
compared between the groups to analyze the risk factor
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for prolonged ventilation. Mann-Whitney U-test was
used for analysis of continuous data and Chi-square test
and Fisher’s exact test for categorical data. P<(0.05 was
considered statistically significant. Variables which
achieve statistical significance in univariate analysis
were included in multivariate logistic regression
analysis to identify independent risk factors, and odds
ratio (OR) were calculated.

RESULTS

Of the 598 patients screened, 1 patient was
shifted on ECMO and 15 with open chest. In addition to
this, 8 children were critically ill and required
intubation in the preoperative period. These 24 children
were excluded from the study. Five-hundred and
seventy-four patients were enrolled which included 338
(58.9%) males and 236 (41.1%) females. Ventricular
septal defect closure was the most common procedure
performed (n = 140; 24.4%) followed by tetralogy of

Fallot repair (n = 92; 16%). Baseline characteristic of
the patients is shown in Table 1. One-hundred and
ninety-four (33.8%) patients were extubated -early
including 2 extubation in operating room; 406 (70.7%)
were extubated within 24 h and 4 (0.7%) died before
extubation. The timing of extubation of patients in the
cohort is listed in Table 2. Neonatal age group was the
most vulnerable for prolonged ventilation with only
13.7% patient extubated early compared to 30.1% of
children aged 1-6 months and 57.5% of children aged
6-12 months. Patients undergoing procedure listed in
higher RACHS category were more vulnerable for
prolonged ventilation. Only 5.6% (n = 3) of children
undergoing RACHS category 4 procedures underwent
early extubation compared to 58.8% of patients
undergoing RACHS category 1 procedure. Early
extubation rates in patients with RACHS category are
depicted in [Table 3].

Table-1: Baseline characteristics of patients in the study (n=574)

Variable N (%)

Sex

Male 338 (58.9)
Female 236 (41.1)
Procedure

Corrective 510 (88.9)
Palliative 64 (11.1)
RACHS category 51 (8.9)

1 407 (70.9)
2 62 (10.8)

3 54 (9.4)

4 0

5

CPB requirement 486 (84.7)
Yes 88 (15.3)
No

Weight for age

<-3SD 298 (51.9)
>-3SD 276 (48.1)
Aristotle complexity basic score# 6 (3-12)
CPB time* 72.2 (47.6)
AXC time* 43.4 (34.9)
#Median (range), *mean (SD). SD: Standard deviation, RACHS: Risk adjustment for
congenital heart surgery, CPB: Cardiopulmonary bypass, AXC: Aortic Clamp

Table-2: Timing of first extubation in the current study (n=574)

Timing of first extubation (h) | n (%)

In operating room 2 (0.3)

<6 192 (33.5)
7-24 212 (36.9)
25-48 90 (15.7)
>48 74 (12.9)
Not extubated/died 4(0.7)
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Table-3: Analysis of variables in group with early extubation compared to others in the study (n=574)

Variable Early extubation | Prolonged ventilation | P
(n=194) (n=380)

Sex (male) 110 228 0.447

Age (months) 8.15+2.4 6.35+3.5 0.000

W/A <-3SD 108 190 0.198

Palliative surgery 22 42 0.917

CPB required 152 334 0.003

RACHS category 3-4

Category 1 30 21 0.000

Category 1 152 255

Category 1 9 53

Category 1 3 51

CPB time (min) 50.24+32.8 83.5+52.9 0.000

AXC time (min) 27.3£22.3 51.6+37.2 0.000

VIS after surgery 7.1+4.6 9.6+4.4 0.000

Chest drain output >12 h | 66 116 0.395

Rhythm abnormality 10 25 0.499

SD: Standard deviation, RACHS: Risk adjustment for congenital heart surgery, CPB:

Cardiopulmonary bypass, AXC: Aortic Clamp, VIS: Vasoactive-inotropic score

Table-4: Outcome of the patient extubated early with others (n=574

Outcome Overall (n=574) | Early extubation (n=194) | Prolonged ventilation (n=380) | P

Mortality (%) 20 (3.5) 3(1.5) 17 (4.5) 0.091
Reintubation™ (%) 39 (6.8) 12 (6.2) 27 (7.2) 0.656
Sepsis (%) 24 (4.2) 3(1.8) 21 (5.5) 0.024
Duration of ICU stay (h) | 94.2+64.6 60.2+28.1 111.6+£70.8 0.000

*n=570 (4 patients could not be extubated). ICU: Intensive Care Unit

Table 5: Multivariate logistic regression analysis of variable associated with prolongation of ventilation in the

study (n=574)

Variable OR Cl P
Age <6 months 4.61 2.77-7.62 0.000
RACHS category >3 9.78 3.81-25.06 0.000
CPB requirement 1.65 0.85-3.19 0.139
CPB time >80 min 9.69 2.04-46.07 0.004
AXC time >60 min 11.61 6.39-56.23 0.000
VIS after surgery >10 3.05 1.71-5.46 0.000
OR: Odds ratio, CI: Confidence incidence, RACHS: Risk adjustment for congenital heart surgery, CPB:
Cardiopulmonary bypass, AXC: Aortic Clamp, VIS: Vasoactive-inotropic score.

Overall mortality [Table 4] in the study was
3.5% (n = 20) which was lower in patient extubated
early although statistical significance was not reached.
Twelve (60%) patients died of cardiac complication
commonest being right ventricular failure secondary to
refractory pulmonary arterial hypertension (n=5). Other
common causes were LV failure (n=3), refractory
ventricular arrhythmias (n=1), suspected blocked
Blalock—Taussig shunt (n=1), and unexplained cardiac
arrest (n=2). The most common noncardiac cause of
death was ARDS secondary to ventilator-associated
pneumonia (VAP) (n = 6) and septic shock (n=2).
Thirty-nine (6.8%) patients required reintubation with
no significant difference between the groups. Majority
of the reintubation were due to cardiac reasons with the
most common being pulmonary artery hypertension
(n=14), left heart failure (n = 10), cardiac arrhythmias

(n=3), and unexplained cardiac arrest (n=2). Noncardiac
indications for reintubationwere VAP (n = 7),
diaphragmatic palsy (n=2), and septic shock (n =1).
Twenty-four (4.2%) patients developed sepsis in the
postoperative period during the ICU stay. None of the
patient extubated in OT developed sepsis, whereas 3
(1.6%) patients extubated within 6 h developed sepsis.
The incidence of sepsis in patients extubated between 7
and 24 h was 2.3% (n = 5), 25-48 h was 6.7% (n = 6),
>48 h was 10.8% (n = 8), and those who could not be
extubated was 50% (n = 2). The incidence of sepsis was
significantly lower in patients who were extubated early
(1.8% vs. 5.5%; P = 0.024). Mean duration of ICU stay
was 94.2 + 64.6 h which was significantly higher in
patients who required prolonged ventilation (111.6 +
70.8 h vs. 60.2 £ 28.1 h; P = 0.000). In the univariate
analysis [Table 3], younger age, higher RACHS
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category, surgery requiring CPB, higher CBP andaortic
clamp (AXC) time, and higher inotropic support
requirement depicted by high VIS score were more
common in group which requires prolonged ventilation.
In multivariate logistic regression analysis [Table 5],
age <6 months (P = 0.000; OR — 4.61), RACHS
category >3 (P = 0.000; OR-9.78), CPB time >80 min
(P=0.004; OR-9.69), AXC time >60 min (P =0.000;
OR-11.61), and VIS score >10 (P=0.000; OR-3.05)
were independently associated with prolonged
ventilation.

DI1SCUSSION

In the current study, 33.8% patients were
extubated early. Reported rate of early extubation in
previous studies is 27%— 82% [3, 10-19]. The variation
could be attributed to inconsistency in the definition of
early extubation. While many considered early
extubation as extubation in operating room or just after
arrival in ICU [1, 3, 10-13], others have used cutoff of
3, 6, and even 24 h to define early extubation [14-16].
Considering 24 h as cutoff for early extubation, the
current rate would rise to 70.7% (n = 406) which is
quite satisfactory considering the age group included.
Majority of the earlier studies have excluded neonates
and sometimes infants [10, 17-19]. Even in studies
which included neonates and infants, their number were
in minority [10, 14, 16]. The current study included
children <1 Year which could be a major factor for
fewer number of early extubation in our cohort.
Another important factor is the heterogeneity of the
cases included. Many earlier studies have included
homogeneous cohort of patients with simple congenital
cardiac defects who were admitted electively [11, 12].
In the current study, we included infants and neonates
who underwent variety of procedures with complexity
ranging from RACHS category 1-4 although no cases
of RACHS category 5 were performed during the study
period. In the current study, lowest early extubation rate
was among the neonates with rates increasing with age
group. The mean age of children extubated early was
also significantly higher than others. Age <6 months
was found to be independent risk factor for prolonged
ventilation (OR-4.61; P=0.000). Neonatal age has been
found unfit for early extubation largely due to the low
pulmonary compliance and persistent pulmonary
hypertension. Majority of the earlier researchers have
even excluded neonates and early infants in their study
of early extubation postcardiac surgery [10, 12, 18-21].
Recently, many reports of early extubation in neonates
are available. Heinle et al. reported successful early
extubation of 45% of infants <90 days old [14]. A
previous study from our institution reported an overall
early extubation as high as 87.1% in the cohort
compromising children which included 40% neonates
[22]. Complexity of the procedure has been shown to
affect the outcome after pediatric cardiac surgery [14,
18, 23]. Odek et al. found RACHS-1 category
procedure to be associated with early extubation [23].

Mittnacht et al. in their article recommended the
patients listed in risk category 1-3 to be eligible for
fast-tracking whereas in those classified as RACHS 4
and 5, the decision rests on the evaluation of the
practitioner. RACHS 6 patients were typically not
considered eligible for fast-tracking [18]. In the current
study, we also found higher early extubation rates in
procedure classified in lower RACHS category.
RACHS category >3 was an independent risk factor for
prolonged ventilation. Longer CPB and AXC time
which depict long procedure time has been associated
with delayed extubation in previous studies [18, 23-27].
The effects of prolonged CPB relate in part to the
interactions of blood components with the
extracorporeal circuit and result in a systemic
inflammatory response syndrome which in turn
increases interstitial fluid resulting in increased risk of
multiorgan dysfunction. In the current study, CPB time
>80 min and AXC time >60 min were significantly
associated with prolonged ventilation. We also found
higher inotropic requirement (depicted by higher VIS)
to be significantly associated with delayed extubation;
which is supported by earlier studies [14, 18, 25]. Gaies
et al. found high VIS to be associated with prolonged
time of first extubation postpediatric cardiac surgery
[9]. Overall mortality and reintubation rate was found to
be lower in the group extubated early although the
difference could not reach statistical significance.
Harris et al. found early extubation to be associated
with lower mortality and reintubation whereas Preisman
et al. found no significant difference [10, 25]. The mean
duration of ICU stay has been found to be significantly
higher in the group with prolonged ventilation in earlier
studies and is supported by the current study [10, 14,
25, 28-30]. Heinle et al. found that neonates and young
infants who underwent early extubation after cardiac
surgery had hospital stays 3 days less than those
ventilated for longer periods and average cost lower by
approximately $10,000 [14]. The incidence of sepsis
was significantly lower in patient extubated early. The
probable reason could be fewer incidences of
ventilator-associated infections and less requirement of
invasive lines in these patients. Fewer postoperative
respiratory complications have been reported to be an
important benefit of early extubation by Kurihara et al.
[29]. The limitation of the study was the absence of
fixed anesthesia protocol, and the type and dosage of
anesthetic drugs used were not studied which could be
an important determinants in fact tracking of any
surgery. Furthermore, the use of modified ultrafiltration
during CPB has been found to reduce the physiological
complications related to CPB and can make
fast-tracking easy, but this effect was not studied in the
current study. Although patients in the PICU were
managed according to the protocol, chances of variation
could not be ruled out. Being a single-center study, the
data could not be extrapolated to large section of the
population. We suggest formulation of uniform
guidelines nationwide to manage postoperative
pediatric cardiac surgery patients which could be
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possible only by nationwide registry of the cases and
more multicentric protocol-based studies.

CONCLUSION

Early extubation in infants lowers the PICU

stay and sepsis without increasing mortality and
reintubation. However, number of infants especially
neonates undergoing early extubation is low. Age more
than 6 months, less complex of procedure, shorter
surgery time, and lower inotropic requirement are
independent predictors of early extubation.
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