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Ultra-Fast-Track Extubation in Adult
Congenital Heart Surgery

Paolo Bianchi "', MD*; Andrew Constantine, MBBS, MA*; Giulia Costola, MD; Sara Mele, MD; Darryl Shore, MD;
Konstantinos Dimopoulos “*, MD, PhD, MSc; Tuan-Chen Aw, MD

BACKGROUND: In pediatric cardiac surgery, perioperative management has evolved from slow weaning of mechanical ventila-
tion in the intensive care unit to “ultra-fast-track” anesthesia with early extubation (EE) in theater to promote a faster recovery.
The strategy of EE has not been assessed in adults with congenital heart disease, a growing population of patients who often
require surgery.

METHODS AND RESULTS: Data were collected retrospectively on all patients >16 years of age who underwent adult congenital
heart surgery in our tertiary center between December 2012 and January 2020. Coarsened exact matching was performed
for relevant baseline variables. Overall, 711 procedures were performed: 133 (18.7%) patients underwent EE and 578 (81.3%)
patients received conventional extubation. After matching, patients who received EE required less inotropic or vasopressor
support in the early postoperative period (median Vasoactive-inotropic score 0.5 [0.0-2.0] versus 2.0 [0.0-3.5]; P<0.0001) and
had a lower total net fluid balance than patients after conventional extubation (1168+723 versus 847+733 mL; P=0.0002). The
overall reintubation rate was low at 0.3%. EE was associated with a significantly shorter postoperative length of stay in higher
dependency care units before a “step-down” to ward-based care (48 [45-50] versus 50 [47-69] hours; P=0.004). Lower com-
bined intensive care unit and high dependency unit costs were incurred by patients who received EE compared with patients
who received conventional extubation (£3949 [3430-4222] versus £4166 [3893-5603]; P<0.0001).

CONCLUSIONS: In adult patients undergoing surgery for congenital heart disease, EE is associated with a reduced need for
postoperative hemodynamic support, a shorter intensive care unit stay, and lower health-care-related costs.
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failing surgical prostheses, myocardial scarring, and

ease (ACHD) has grown steadily during the past

several decades, surpassing the number of chil-
dren with congenital heart disease (CHD) in many
developed countries." Improvements in surgical and
medical management have dramatically improved the
survival of patients with CHD, with an increase in the
prevalence of ACHD of great complexity.”® This has
resulted in an aging group of patients who, far from
being cured, have a disease associated with life-long
morbidity. New or residual hemodynamic lesions,

The population of adults with congenital heart dis-

pulmonary vascular disease manifest clinically as heart
failure, arrhythmias, and the need for repeated surgical
interventions. Optimizing anesthetic and critical care
management, with streamlined care in the perioper-
ative period, is essential to improve the outcomes of
patients with CHD.

As part of the continuous evolution of anesthetic
care for patients with CHD, a paradigm shift has
occurred in pediatric cardiac surgery with a move
from slow weaning of mechanical ventilation in the
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CLINICAL PERSPECTIVE

What Is New?

e This study assessed the safety, clinical effec-
tiveness, and healthcare cost implications of
“ultra-fast-track” extubation in a large cohort of
adult patients with congenital heart disease un-
dergoing cardiac surgery at a specialist center
matched with patients undergoing conventional
management.

e Early extubation was associated with a reduc-
tion in the length of postoperative intensive care
and high dependency unit stay, reduced patient
costs, and lower requirements for vasoactive,
inotropic, and fluid support compared with a
conventional extubation strategy.

What Are the Clinical Implications?

e Findings from this study support the feasibil-
ity and potential safety of an early extubation
strategy in adult patients with congenital heart
disease with a wide range of congenital heart
defects undergoing cardiac surgery.

Nonstandard Abbreviations and Acronyms

ACHS adult congenital heart surgery
ACHD adult congenital heart disease
CE conventional extubation

EE early extubation

HDU high dependency unit

VIS vasoactive-inotropic score

intensive care unit (ICU) to an “ultra-fast-track” man-
agement strategy involving early extubation (EE). This
approach of EE in the operating theater is aimed at
reducing ICU stay and promotes early ambulation
and hospital discharge. Indeed, several studies have
demonstrated that EE reduces the duration of ICU
and overall hospital stays in the pediatric population
without increases in morbidity and mortality, but with
evidence of a decrease in postoperative pulmonary
complications.*”’

Careful selection of the pediatric patients suitable
for EE is central to this approach, as patients undergo-
ing more complex procedures may benefit from a more
conservative, conventional extubation (CE) strategy.8°
However, even in children with unusual physiologies,
such as patients undergoing total cavopulmonary
connection, EE has been associated with improved
postoperative hemodynamics, reduced postoperative
complications, and earlier hospital discharge, whereas
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prolonged ventilation was associated with a longer
hospital stay.'° EE has also been shown to be benefi-
cial in pediatric patients with right ventricular pressure
overload.

In patients with ACHD, little is known about the
safety, clinical effectiveness, and healthcare cost
implications of EE. We performed clinical and cost
analyses of the effects of EE in a large ACHD co-
hort including a wide range of congenital heart de-
fects and undergoing cardiac surgery at a specialist
center.

METHODS

The study was approved by the Health Research
Authority, England, with a favorable review by aresearch
ethics committee (Integrated Research Application
System, IRAS identification 275809). Informed consent
was not required given the retrospective nature of the
data collection. To minimize the possibility of uninten-
tionally sharing information that can be used to reiden-
tify private information, in line with the conditions of the
ethical approval, patient-level data are not available for
use outside of this study.

Study Participants

Data on all patients >16 years of age with ACHD who
underwent cardiac surgery at our tertiary center be-
tween December 2012 and January 2020 were ob-
tained and studied. Although a wide variety of surgical
approaches may be adopted in ACHD surgery and
may influence the perioperative course, the popula-
tion presented consisted of patients presented in a
specialist multidisciplinary team meeting where the
indications and surgical approach were decided.
Demographic and clinical information were extracted
from the Royal Brompton and Harefield National
Health Service Foundation Trust Clinical Informatics
Department, which included consolidated data from
the NICOR (National Institute for the Cardiovascular
Outcomes Research) Congenital Audit data set. This
was enriched with manual data collection from individ-
ual hospital records. The complexity of the underlying
congenital heart defect was classified in accordance
to the Bethesda disease complexity classification.!
The mortality risk related to each surgical procedure
was estimated using a validated tool: the adult con-
genital heart surgery (ACHS) score.'”? Survival status
and date of death were collected through the health
service computer system linked to the national data-
base held by the Office for National Statistics.

Median and maximum daily vasoactive-inotropic
scores (VIS) were calculated for each patient as
previously described.”® ICU and high dependency
unit (HDU) total patient costs were retrieved by the
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hospital’s finance department. Length of postopera-
tive high dependency (combined ICU and HDU) stay
served as the primary study end point. Secondary
outcome variables were the requirement of any post-
operative inotropic and vasoactive support, the me-
dian and maximum VISs, the net fluid balance in the
first 2 postoperative days, transfusion requirements
on the day of surgery, complication rates, and ICU
and HDU costs.

No differences in the perioperative care protocols
were implemented during the studied period.

Statistical Analysis

Analyses were performed using R version 4.0.2 (R
Foundation for Statistical Computing, Vienna, Austria)
and SAS software version 9.4m6 (SAS Institute Inc.,
Cary, NC). Continuous variables are presented as
mean+SD or median and range (with the exception of
ventilation time, which is given as median and inter-
quartile range because of a small number of extreme
outliers who remained ventilated for a prolonged pe-
riod), whereas categorical variables are presented
as absolute numbers, percentage of total, or both.
Matching was achieved using 2 methods, coarsened
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exact matching followed by propensity score matching,
to minimize bias, inefficiency, and model dependence.'*
EE was used to define the treatment group with the fol-
lowing clinical variables used in the matching process:
age, sex, CHD complexity (Bethesda score), New York
Heart Association functional class, ACHS score, pul-
monary hypertension, and the presence of active en-
docarditis. Coarsened exact matching was performed
using the R package CEM. Propensity score matching
was conducted in a 1:2 fashion where possible without
replacement as a sensitivity analysis. A calliper value
of 0.2 was used, equal to 0.2 of the SD of the logit of
the propensity score. Overall model imbalance was as-
sessed using standardized mean differences for pro-
pensity score matching. Multidimensional distribution of
the data (L) was assessed for both methods. Propensity
matching was performed using the R package Matchit.

Comparisons between groups were performed
using the Wilcoxon rank sum test for continuous vari-
ables and the chi-squared test for categorical vari-
ables. For our primary end point, that is, the effect of
EE on ICU stay, we used a generalized linear model
with log-gamma distribution, accounting for matched
pairs and weighting. A 2-sided P-value of <0.05 indi-
cated statistical significance.

Table 1. Baseline Characteristics in the Overall Population

All Early Extubation Conventional Extubation
Parameter (n=711) (n=133) (n=578) P Value
Age, y 34.7+141 35+14.7 34.6+13.9 >0.1
Male 384 (54) 56 (42.1) 328 (56.7) 0.003*
BMI, kg/m? 25.3£5.4 24.5:£4.5 25.5+5.6 0.09
Complexity

Simple 150 (21.1) 24 (18) 126 (21.8) >0.1

Moderate 451 (63.4) 90 (67.7) 361 (62.5)

Great 110 (15.5) 19 (14.3) 91 (15.7)

NYHA class
1l 595 (83.7) 121 (91) 474 (82) 0.02*
nAv 116 (16.3) 12(9) 104 (18)

Systemic ventricular function

Normal 644 (90.6) 126 (94.7) 518 (89.6) 0.02*

Mildly impaired 10 (1.4) 4 () 6 (1)

Moderately impaired 54 (7.6) 3(2.3) 51(8.8)

Severely impaired 3(0.4) 0 3(0.5)

Pulmonary hypertension® 155 (21.8) 28 (21.1) 127 (22) >0.1
Hemoglobin, g/L 140+16 139+15 140£16 >0.1
eGFR, mL/min 100 (21-245) 99 (49-165) 100 (21-245) >0.1
Redo sternotomy 388 (54.6) 54 (40.6) 334 (57.8) 0.0005*
Procedure duration, h 5.3 (2.3-23.4) 4.6 (2.4-8.2) 5.5 (2.3-23.4) <0.0001*
Elective surgery 669 (94.1) 129 (97) 540 (93.4) 0.54

Data are presented as number (percentage), mean+SD, or median (range). BMI indicates body mass index; eGFR, estimated glomerular filtration rate; and

NYHA, New York Heart Association.
*P<0.05.

fPulmonary hypertension defined as a pulmonary artery systolic pressure >31 mmHg on echocardiography.
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RESULTS

A total of 698 patients underwent 711 cardiac surgi-
cal procedures during a period of 7.1 years. The vast
majority of patients underwent elective surgery (669,
94.1%). Overall, 133 (18.7%) procedures were followed
by EE postoperatively. Baseline characteristics of the
overall population are shown in Table 1. Mean age
was 34.7+14.1 and 384 (54%) were male. The most
common CHD diagnoses were tetralogy of Fallot (126,
17.7%) and bicuspid aortic valve disease (85, 12%;
Table 2). Patients who were extubated early were
more likely to be women (58% versus 43%; P=0.003)
and underwent shorter (4.6 [3.8-5.8] versus 5.5
[4.4-7.2] hours; P<0.0001) and less-complex proce-
dures (ACHS score 0.2 [0.2-0.6] versus 0.6 [0.2-0.7];
P<0.0001) than those who underwent CE. Patients
with previous sternotomies were less likely to be extu-
bated earlier (14% versus 24%; P=0.0005) than those
undergoing their first sternotomy. However, there was
no difference between the EE and CE groups in CHD
complexity, functional class, or systemic ventricular
function.

The complication rate in the overall group was low,
with a reintubation rate of 4 (0.6%). In the postoperative
period, 25 (3.5%) patients experienced bradyarrhyth-
mia requiring permanent pacemaker implantation, 12
(1.7%) developed hospital-acquired pneumonia, and
11 (1.5%) required drainage of pericardial or pleural ef-
fusions. A return to the operating room for unplanned
reintervention was required in 19 (2.7%) patients (11
[57.9%] of these were attributed to uncontrolled bleed-
ing). Neurological complications were rare (6, 0.8%) as
was the need for postoperative mechanical circulatory
support (6, 0.8%).

Matched Cohorts

We matched 100 patients in the EE group to 225
patients in the CE group through progressive coars-
ening and coarsened exact matching (Table 3). For
patients undergoing more than 1 surgery during the
study period, the most recent procedure was used
for matching. After matching, a minority of patients
in each group were patients deemed to be at higher
perioperative risk (presence of active endocarditis,
nonelective surgery, and/or an ACHS score >0.5), with
no significant difference in the proportion of high-risk
patients between the EE and CE groups (31% versus
32.4%; P>0.1). In the matched cohort, patients who
received CE were ventilated for a median (interquar-
tile range) of 12 (5-19) hours following surgery, and
56.9% were ventilated for >6 hours postoperatively. In
the postoperative period, only 47 (47%) patients in the
EE group required vasoactive agents compared with
158 (70.2%) patients in the CE group (P=0.004). In
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Table 2. Congenital Heart Disease Diagnosis and ACHS
Scores in the Overall Population

All EE CE
(n=711) (n=133) (n=669)
Primary diagnosis, %
ASD 8.7 156.8 71
VSD 8.2 4.5 9.0
AVSD 6.8 6.8 6.7
BAV 12.0 5.3 13.5
Valvular disease/OTO 13.4 17.3 12.5
PAPVC 9.3 18.8 71
Scimitar 0.6 0.8 0.5
Tetralogy of Fallot 177 12.8 18.9
Coarctation 41 2.3 4.5
Other aortic disease 3.5 7.5 2.6
TGA 3.8 2.3 4.2
cCTGA 0.7 0.8 0.7
Truncus 0.7 0.8 0.7
Ebstein’s anomaly 3.7 0.8 4.3
Pulmonary atresia 3.2 1.5 3.6
Univentricular/Fontan 2.7 0.8 31
Coronary artery 1.0 0.8 1.0
anomaly
Other 0.1 0.8 0.0
ACHS score, n (%)

0.1 58 (8.2) 19 (14.3) 39 (6.7)
0.2 194 (27.3) 51 (38.3) 143 (24.7)
0.3 20 (2.8) 2(1.5) 18 (3.1)
0.4 57 (8) 10 (7.5) 47 (8.1)
0.5 27 (3.8) 5(3.8) 22 (3.8)
0.6 138 (19.4) 25 (18.8) 113 (19.6)
0.7 66 (9.9) 8 (6) 58 (10)
0.8 15 (21) 2 (1.5) 13 (2.2
0.9 24 (3.4) 1(0.8) 23 (4)
1.0 65 (9.1) 5(3.8) 60 (10.4)
>1.4 47 (6.6) 5(3.8) 42 (7.9)

ACHS indicates adult congenital heart surgery; ASD, atrial septal defect;
AVSD, atrioventricular septal defect; BAV, bicuspid aortic valve; ccTGA,
congenitally corrected transposition of the great arteries ; CE, conventional
extubation; EE, early extubation; OTO, outflow tract obstruction; PAPVC,
partial anomalous pulmonary venous connection; TGA, transposition of the
great arteries; and VSD, ventricular septal defect.

the early postoperative period (days 0 and 1), patients
with EE required less inotropic or vasopressor sup-
port, as demonstrated by a lower VIS, compared with
patients following CE (median VIS 0.5 [range, 0.0-2.0]
versus 2.0 [range, 0.0-3.5]; P<0.0001). Prolonged in-
otrope/vasopressor support, defined as a VIS>0 after
day 1, was required in 4 (4%) patients following EE
versus 29 (12.9%) patients following CE (P=0.02). The
total net fluid balance by the third postoperative day
was more positive after CE than EE (1168+723 mL
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Table 3. Baseline Characteristics in CEM-Matched and PSM-Matched Cohorts

CEM PSM, 1:2 Matching
EE CE EE CE

Parameter (n=100) (n=225) P Value (n=132) (n=259) P Value
Age, y 35+14.5 34.5+13.5 >0.1 35+14.8 35.1+£14.2 >0.1
Male 41 (41) 110 (48.9) >0.1 55 (41.7) 113 (43.6) >0.1
BMI, kg/m? 24.3+4.3 25.6+6.2 >0.1 24.5+4.5 25.4+5.7 >0.1
Complexity

Simple 13 (13) 20 (8.9) >0.1 23 (17.4) 49 (18.9) >0.1

Moderate 82 (82) 198 (898) 90 (68.2) 175 (67.6)

Great 5 (5) 7(3.1) 19 (14.4) 35 (13.5)
NYHA class

il 94 (94) 216 (96) >0.1 121 (91.7) 237 (91.5) >0.1

/v 6 (6) 9 (4) 11(8.9) 22 (8.5)
Systemic ventricular function

Normal 96 (96) 214 (95.1) >0.1 125 (94.7) 250 (96.5) >0.1

Mildly impaired 22 1(0.4) 4 () 5(1.9)

Moderately impaired 2(2) 10 (4.4) 3(2.3) 4(1.5)

impaired

Severely impaired 0 0 0 0

Pulmonary 23 (23) 38 (16.9) >0.1 28 (21.2) 52 (20.1) >0.1

hypertension, n (%)
Hemoglobin, g/L 138+14 142415 0.09 139+14.4 140+13.5 >0.1
eGFR, mL/min 98 (61-164) 102 (41-175) >0.1 99 (49-165) 103 (21-228) 0.08
Redo sternotomy 38 (38) 110 (48.9) 0.09 54 (40.9) 120 (46.3) >0.1
Procedure duration, h 4.6 (2.4-8.2) 4.7 (2.3-7.9) >0.1 4.6 (2.4-8.2) 4.6 (2.3-10.8) >0.1
Elective surgery 97 (97) 223 (99.1) >0.1 128 (97) 253 (97.7) >0.1

Data are presented as number (percentage), mean+SD, or median (range). BMI indicates body mass index; CE, conventional extubation; CEM, coarsened
exact matching; EE, early extubation; eGFR, estimated glomerular filtration rate; NYHA, New York Heart Association; and PSM, propensity score matching.

versus 847733 mL; P=0.0002; Figure). Indeed,
64% of patients after EE achieved a net fluid balance
<1 L positive within 48 hours of surgery compared
with 101 (44.9%) patients in the CE group (P=0.001).
Coagulation factor requirements, but not transfusion
requirements, were lower in the EE compared with
the CE group after the day of surgery (P=0.003 and
P>0.1, respectively).

There was no evidence of increased risk in the rate
of major complications in the EE compared with the CE
group (7.0% versus 15.6%; P=0.05). The reintubation
rate was very low in the matched cohort as a whole
(0.3%), precluding statistical comparisons between
groups: none in the EE group and 1 (0.4%) in the CE
group.

EE was associated with a significantly shorter post-
operative length of stay (LOS) in higher dependency
care units (ICU or HDU) before the “step-down” to ward-
based care (48 [range, 45-50] versus 50 [range, 47—
69] hours; P=0.004). This was driven by a shorter LOS
in the ICU in the EE versus the CE group (P<0.0001).
In turn, lower combined ICU and HDU costs were in-
curred by patients with EE compared with patients with
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CE (£3949 [range, 3430-4222] versus £4166 [range,
3893-5603]; P<0.0001).

Sensitivity Analysis Using Propensity
Score Matching

As a sensitivity analysis, we also performed propen-
sity score matching. Using this method, 132 patients
who received EE were matched to 259 patients with
CE. “Adequate” balance was achieved with an abso-
lute standardized mean difference of <0.1 for each
variable (Table 4, Figures S1 and S2). However, mul-
tivariable imbalance was higher following propensity
score matching (L,=0.992) than following coarsened
exact matching, where there was a moderate 12%
imbalance reduction from L,=0.996 to L,=0.88. Our
findings were similar using propensity score match-
ing: EE was still associated with a significantly shorter
postoperative stay in higher dependency care units
before a “step-down” to ward-based care (48 [range,
46-51] versus 51 [range, 47-69] hours; P=0.0004).
Lower combined ICU and HDU costs were incurred
by patients with EE compared with patients with CE
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Figure. Lower average (A) and (B) maximum VIS and in net-positive fluid balance (C) in the EE

versus the conventional extubation group in the first 48 hours postoperatively.
The boxplots present the 10th, 25th, 50th, 75th, and 90th quantiles. Comparisons between groups
performed using the Wilcoxon signed rank test. EE indicates early extubation; CE, conventional extubation;

and VIS, vasoactive-inotropic score.

(P<0.0001). Patients with EE had lower median VISs
(P<0.0001) and lower total net fluid balance than the
patients in the CE group (P=0.0003) during the early
postoperative period.

DISCUSSION

In this study, we demonstrate that on-table extubation
is feasible and safe in patients with ACHD with a wide
spectrum of anatomic complexity undergoing cardiac
surgery. In the population studied, an EE strategy was
associated with a reduction in the length of postop-
erative ICU and HDU stays and was associated with
a significant reduction in ICU and HDU patient costs
compared with CE. Furthermore, EE had postopera-
tive hemodynamic benefits, with patients in the EE
group requiring less vasoactive, inotropic, and fluid
support and lower transfusion rates than those who
received CE.

Despite evidence supporting EE in pediatric pop-
ulations undergoing cardiac surgery, especially when
a total cavopulmonary connection is performed, the
evidence has been much weaker for patients with
ACHD.*57-915 A single, small retrospective study of 67
patients reported that EE was feasible and safe in pa-
tients with ACHD undergoing noncomplex surgery.'®
Ours is the first study, to our knowledge, examining
a large population of adult patients undergoing con-
genital cardiac surgery including complex surgical
procedures. The ACHD population is growing with a
disproportionate increase in diseases of higher com-
plexity, and these patients face a higher risk of periop-
erative complications compared with patients with
acquired cardiac conditions.'”'® Reassuringly, EE was
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not associated with an increase in postoperative com-
plications in our cohort. EE appears to be safe and fea-
sible for the majority of patients with ACHD in routine
practice, when EE is appropriate. An optimal approach
for extubation timing will mitigate unnecessary risks
and increased costs.

In our population, EE was associated with reduced
vasoactive drug use. This is likely related to the limited
intake of hypnotic drugs, such as propofol and benzo-
diazepines, which cause vasodilation. A clear correla-
tion between vasoactive medication and unfavorable
outcomes in adults undergoing cardiac surgery has
been reported.'® Moreover, vasodilation is likely to re-
sult in excessive fluid administration. Indeed, the first
day fluid balance was significantly higher in the CE
compared with the EE group, but was not different
on day 2 when most of the patients with CE had been
extubated and off vasoactive support, thus reaching
a similar physiological state to patients with EE. Fluid
overload and a significantly positive fluid balance
perioperatively is a predictor of poor outcome in pa-
tients with CHD.2%?" Cardiopulmonary bypass predis-
poses to this by causing hemodilution and increased
capillary permeability, with an accumulation of fluid
in the extracellular compartment that is enhanced
by fluid administration and blood transfusions in the
early postoperative period. Oedema and ascites raise
the intra-abdominal pressure, causing renal venous
hypertension and a drop in renal perfusion pressure.
The resultant acute kidney injury worsens fluid over-
load and is associated with a 3-fold increased risk of
postoperative mortality. Patients with complex CHD
and/or cyanosis are at particularly increased risk of
renal dysfunction, which can be exacerbated around
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Table 4. Early Postoperative Outcomes in the CEM-Matched Cohort

Early Extubation

Parameter (n=100) Conventional Extubation (n=225) P Value
No. catecholamines required on theater exit

0 47 (47) 67 (30) 0.001*

1 40 (40) 81 (36)

2 13 (13) 71 (32)

3 0(0) 5@
Average VIS, units

Day O 1(0-20) 3(0-28) <0.0001*

Day 1 0(0-9) 0(0-398) <0.0001*
Maximum VIS, units

Day O 2 (0-31) 5 (0-54) <0.0001*

Day 1 0(0-12) 0 (0-90) <0.0001*
Any catecholamine required >48 h 4.(4) 29 (12.9) 0.02*
Net fluid balance, mL

Day O 1446+907 2097+1069 <0.0001*

Day 1 191+1010 239+949 >0.1

Overall postoperative ward 15692+1543 2226+1692 0.001*
Cellsave during operation, mL 464+208 421+235 >0.1
Blood transfusion requirement 13 (13) 45 (20) >0.1
Coagulation factor requirement 9(9) 51 (22.7) 0.006*
Postoperative length of stay
ICU, h 21 (1-51) 23 (5-1032) 0.0001*
HDU, h 26.5 (3-169) 27 (5-196) >0.1
Higher level care (ICU plus HDU), h 48 (23-191) 50 (26-1228) 0.0002*
Total postoperative, d 6 (3-32) 7 (3-194) 0.09
ICU cost, £ 2449 (117-5948) 2682 (583-120354) <0.0001*
HDU cost, £ 1405 (159-8957) 1431 (265-10389) >0.1
Higher level care cost (ICU plus 3949 (1283-11523) 4166 (1951-130743) <0.0001*
HDU), £
Major complications 7(7) 35 (15.6) 0.05

Data are presented as number (percentage), mean+SD, or median (range). CEM indicates coarsened exact matching; HDU, high dependency unit; ICU,

intensive care unit; and VIS, vasoactive-inotropic score.
*Indicates statistical significance (P<0.05).

surgery.??23 By extubating patients with ACHD on the
operating table, anesthetists may avoid a vicious cir-
cle of sedation, vasoactive drugs, and fluid replace-
ment, protecting patients from end-organ damage
and improving outcomes.

The reduced need for fluid support in patients ex-
tubated early may also explain the reduced need for
blood products and coagulation factors in the EE
group in our study. Observational studies suggest that
transfusion is harmful after cardiac surgery, associated
with postoperative infection, low cardiac output, acute
kidney injury, and death.?*6 However, transfusion re-
quirements during surgery may influence the decision
to extubate early, as concerns about bleeding usually
lead to a longer period of ventilation, allowing for a re-
turn to the operating room and/or keeping the chest
stented open. Furthermore, the greater requirement
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for coagulation factors in the CE group could be an
indicator of a sicker patient group postoperatively,
which might impact the decision to prolong ventilation.
Indeed, patient selection for EE is key. EE is likely to
be beneficial for patients with pulmonary arterial hy-
pertension and/or significant right ventricular impair-
ment, both of which are prevalent in the ACHD cohort.
Intermittent positive pressure ventilation increases right
ventricular afterload and is poorly tolerated by these
patients. Moreover, most sedative and anesthetic
agents required to maintain ventilation depress myo-
cardial contractility and cause nonselective vasodila-
tion, increasing the risk of systemic hypotension and
hemodynamic collapse.??° Further studies might look
at this particular group of patients and the effect of
ultra-fast-track extubation in this unique physiological
setting.
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Although total hospital LOS was not significantly lon-
ger in patients with CE, EE was associated with a more
rapid discharge from ICU, promoting early recovery
with a small but statistically significant reduction in ICU
costs. Costs related to congenital cardiac surgery con-
tribute significantly to the resource-intensive nature of
ACHD care. Widespread adoption of measures, such as
EE, which reduce costs but improve the quality of care,
should be encouraged given the financial constraints of
the public healthcare system. This might be particularly
relevant during the COVID-19 pandemic. Moreover, ICU
beds have become an even more valuable resource to
safeguard. Reduction in ICU LOS can speed up patient
turnover. Our results confirm the conclusion of a wide
Cochrane meta-analysis concerning fast-track proto-
cols in adult cardiac surgery. Fast-track interventions
shortened the LOS in the ICU, but did not reduce the
total hospital LOS.%%This was a nonrandomized, retro-
spective single-center study and thus suffers from po-
tential selection and ascertainment bias despite robust
matching using both coarsened exact and propensity
score matching techniques. This cohort included pa-
tients undergoing elective and nonelective surgery as
well as patients who required prolonged ventilation,
reflecting modern ACHD practice and the heterogene-
ity and complexity of the population managed in our
center. The matching process ensured that patients
with similar baseline and surgical characteristics were
matched between treatment groups without a priori ex-
clusion of specific risk cohorts, thus including as wide a
population as possible. This allowed better matching of
the populations and makes our conclusions applicable
to a wider ACHD population. Furthermore, large-scale,
prospective studies are required to establish the best
timing for EE (on-table extubation versus timely extuba-
tion in recovery or ICU).

In conclusion, we showed that EE is feasible and po-
tentially safe in patients with ACHD undergoing a wide
spectrum of congenital cardiac surgical procedures,
even though further data are required to confirm these
findings, especially in patients with ACHD at higher
perioperative risk. This management strategy reduces
the need for vasoactive drugs and fluid resuscitation
while achieving a low complication rate. Intensive care
stay is also shortened, leading to a reduction in costs.
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Figure S1. The distribution of propensity scores between the early extubation (EE) and
conventional extubation (CE) groups before (A,C) and after propensity score matching

(B,D), also represented on a jitter plot.
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Figure S2. Absolute standardised mean differences before and after propensity score

matching.
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After matching, the standardised mean difference is <0.1 for each variable, indicating univariable
balance between exposure groups. ACHS, Adult Congenital Heart Surgery; CHD, congenital
heart disease; LV, left ventricle; NYHA FC, New York Heart Association functional class; PSM,

propensity score matching.



