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Abstract. — OBJECTIVE: Anesthesia manage-
ment in pediatric cardiac surgery using health
resources sparingly focuses on reducing mor-
bidity and mortality and increasing patients’
quality of life. The duration of postoperative me-
chanical ventilation (MV) heavily influences pe-
diatric cardiac surgery recovery. Thus, in this
study we aimed to determine factors influencing
extubation times after pediatric cardiac surgery.

PATIENTS AND METHODS: A total of 72 pe-
diatric patients with an ASA score of lll or above
undergoing cardiac surgery were included in the
study. As a result of their extubation time, the
patients were divided into three groups as fol-
lows: those who were extubated immediately af-
ter surgery or in the operating room (OR) were
recorded as Immediate Extubators (IE); those
who were extubated within 6 to 48 hours of en-
tering the intensive care unit were recorded as
Early Extubators (EE), and those who were ex-
tubated after 48 hours or not extubated were re-
corded as Delayed Extubators (DE).

RESULTS: A logistic regression analysis
showed that anomalies and need of MV before
surgery, airway difficulty, and prolonged cross-
clamp (CC) time were observed as factors af-
fecting DE. The risk of DE was significantly cor-
related with the presence of abnormality [Odds
ratio (OR): 20.3, 95% Confident interval (CI):
2.8-142.7], with the need of MV before surgery
(OR: 1,844, 95% ClI: 1.8-1,790,461.9), and with the
presence of airway difficulty (OR: 44.7, 95% CI:
4.4-445.0). In addition, it was determined that CC
time increased the probability of DE 1.038 times
per minute (95% CI: 1.004-1.072).

CONCLUSIONS: Early and immediate extuba-
tion in children who underwent congenital heart
surgery was successfully performed in our clin-
ic. Early and immediate extubation in pediatric
cardiac surgery can be completed safely and
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successfully when suitable conditions are pro-
vided.
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Introduction

In pediatric cardiac surgery, decreasing post-
operative mechanical ventilation requirement is
essential for minimizing morbidity and providing
optimal vital functions. For extubation in these
cases, the general approach is to follow intubation
until full awakening with adequate cardiac output
and respiratory function'.

The presence of immature organ systems in
the pediatric age group and the unpredictability
of the inflammatory response to cardiopulmonary
bypass (CPB) impair the course of early extuba-
tion?. Today, as in all surgeries, early extubation
in congenital heart surgery has become popular.
Studies® have shown that early extubation reduc-
es mechanical ventilator-related complications,
length of hospital stays, cost, and mortality after
surgery. In addition, reintubation after unsuccess-
ful extubation has been associated with increased
morbidity and mortality in children. Extubation is
considered safe after full recovery from anesthe-
sia, obtaining optimal temperature and hemody-
namic parameters®. Also, anesthetic management
with low-dose short-acting agents might be suffi-
cient for early extubation success.
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Prematurity, low weight, accompanying chro-
mosomal or airway anomalies, prolonged CPB
times, and complicated surgical procedures have
been considered®® as the causes of unsuccessful
extubating. However, these situations are mostly
seen as non-interventive or unchangeable caus-
es. Therefore, in this study, we aimed to evaluate
predictable risk factors by examining the factors
affecting extubating times in pediatric cardiac
surgery cases in our hospital.

Patients and Methods

After obtaining the hospital Ethics Committee
approval (2011-KAEK-25 2020/02-03) and Clini-
cal trials number (NCT05332860), patients aged
under 18 who planned to undergo pediatric car-
diac surgery in our hospital between March 2020
and March 2021 and with ASA>III were includ-
ed in the study. Preoperative age, weight, gender,
diagnosis, surgical status, whether elective or
emergency, chromosomal or airway anomalies,
airway difficulty, the referring clinic, and preop-
erative mechanical ventilator requirement were
recorded. The surgical procedure complexity of
the patients was graded according to the “Aristot-
le Basic Scoring” system (Levels 1, 2, 3, 4). At the
end of the surgery, the patients were transferred to
the intensive care unit, whether intubated or extu-
bated, by the final decision of the anesthesia and
surgical team. The patients included in the study
were randomly divided into three groups. Patients
were defined as follows: extubated immediately
in the operating room or within 6 hours after sur-
gery as Immediate Extubation (IE); extubated in
the intensive care unit within 6-48 hours postop-
eratively as Early Extubation (EE), and extubated
or not extubated after 48 hours as Delayed Extu-
bating (DE). All patients were followed-up by the
same anesthetic, surgical and intensive care team
as those blinded to the study.

Preoperative Routine Procedure

Physical examination and laboratory tests were
completed before surgery in patients who were
diagnosed with congenital heart disease. In addi-
tion, the relatives of the patients were informed,
and informed consent forms were obtained. Ket-
amine 5-10 mg/kg (Ketalar Phizer Pharmaceuti-
cals Ltd., Turkey) and atropine 0.02 mg/kg (At-
ropine Sulfate, Galen Pharmaceuticals, Turkey)
were administered intramuscularly to patients
without vascular cannula just before surgery. If
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the intravenous route was available, ketamine 0.5-
1 mg/kg was administered. All patients received
routine premedication.

Intraoperative Period Routine Procedure

The patient was placed on the preheated operat-
ing table. Electrocardiography and two peripheral
oxygen saturation probes were placed. Invasive ra-
dial or femoral artery monitoring was performed
optionally. For anesthesia induction, midazolam
0.1 mg/kg (Zolamid, Vem Pharmaceuticals, Tur-
key), rocuronium 1 mg/kg (Myokron, Vem Ilag,
Turkey), and fentanyl five mcg/kg (Vem ilag, Tur-
key) was used intravenously. Anesthesia was main-
tained with 0.1 mg/kg of rocuronium, midazolam
0.02 mg/kg, and fentanyl 0.3 mcg/kg intravenously.
During Cardio-pulmonary bypass (CPB), sevoflu-
rane (Severan, Abbott, USA) inhalation anesthesia
was administered with a minimum alveolar con-
centration of 2% by adjusting the dose according
to the patient’s hemodynamics. After intubation,
ventilation parameters were modified with a tidal
volume of 8-10 mL/kg, age-appropriate respiratory
rate, and PaCO, value between 35 and 40 mmHg.

A double-lumen catheter was inserted into the
right internal jugular vein under ultrasound guid-
ance. The central venous pressure from the inter-
nal jugular vein and urine output were carefully
monitored before cannulation. Activated coagula-
tion time (ACT) was assessed before cannulation
and extracorporeal circulation to determine anti-
coagulation. During cannulation, 3 mg of heparin
per kilogram was administered intravenously. A
double-lumen catheter was inserted into the right
internal jugular vein under ultrasound guidance.
The central venous pressure from the internal
jugular vein and urine output were carefully mon-
itored before cannulation. During cannulation, 3
mg of heparin per kilogram was administered
intravenously. ACT was assessed before cannula-
tion and extracorporeal circulation to determine
anticoagulation. The value was expected to rise
above 450 seconds for extracorporeal circulation.
In case of low ACT values, additional heparin 1
mg/kg was administered. Arterial blood gas mon-
itoring was performed concurrently with ACT
monitoring when necessary. Cardio-pulmonary
bypass was started after cannulation was com-
pleted. Mechanical ventilation was stopped be-
fore the cross-clamp (CC). Cardioplegia was ap-
plied with Del-Nido solution at a dose calculated
according to weight. During CPB, hypothermia
was maintained between 26-32°C with the deci-
sion to surgery.
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At the end of the surgery, the cross-clamp was
removed, and the patient ventilated again. CPB
was terminated when optimal temperature, stroke
volume, and rhythm were achieved. Inotropic
support was started in patients with ventricular
dysfunction. When the venous cannula was re-
moved, protamine sulfate (Promin, Vem Phar-
maceuticals, Turkey) 3-3.5 mg/kg was started
intravenously to antagonize the effect of heparin.
Targeted ACT after decannulation was accept-
ed between 90 and 140 seconds. Blood products
were transfused to keep the hematocrit (Htc)
value above 30%. Routinely lowest temperature,
hemodynamic data, arterial blood gas and lactate
values, urine output, drugs used in anesthesia, CC
duration, CPB duration, pump blood flow, amount
of bleeding and blood transfusion, whether filter-
ing was performed, total circulatory arrest (TCA)
duration, and inotropic support requirement were
recorded during the operation.

Postoperative Routine Procedure and
Extubating

If the patient was extubated, routine monitor-
ing and follow-up (Electrocardiography, oxygen
saturation, invasive artery, and CVP) were start-
ed. If the patient was followed-up as intubated,
regular monitoring and mechanical ventilation
support, as well as sedation for the patient were
performed. If the patient was planned to be extu-
bated, extubation preparation was made. Postop-
erative hemodynamic parameters and blood gas
values of the patients, duration of stay in intensive
care and mechanical ventilator, extubation times,
reintubation status, mortality (10-day mortality),
hemofiltration (CVVHDF) need, use of extra-
corporeal membrane oxygenation (ECMO), and
presence of infection and any complications were
recorded. Standardized extubation criteria were
applied to each patient. The standards for extu-
bation in ICU are as follows: a patient waking
without stimulation, a patient with a spontaneous
respiratory rate exceeding 24 breaths per minute,
stable spontaneous respiratory effort, and posi-
tive end-expiratory pressure of 5 cmH,O, an oxy-
genation index (OI, PaO /FiO,) greater than 200,
PaCO, more significant than 50 mmHg, pH great-
er than 7.25, and a stable hemodynamic condition.

Statistical Analysis

The distribution of the data was analyzed using
the Kolmogorov-Smirnov test. Descriptive data
are shown as numbers and percentages, and cate-
gorical data are shown as median (minimum-max-

imum) values. Categorical data were analyzed
using the Chi-square test or Fisher’s exact test.
Intergroup comparisons were completed by the
Kruskal-Wallis® test, where intragroup compar-
isons using Tukey’s HSD test with Bonferonni
correction. Logistic regression analysis was used
to determine the factors that independently affect
prolonged extubation. Statistical significance was
set to p<0.05 for all analyses. All analyzes were
performed with the SPSS version 20 program
(IBM Corp., Armonk, NY, USA).

Results

A total of 72 pediatric patients were included
in the study. 18 were VSD; seven were ASD; eight
were aortic coarctation; seven were hypo-plastic
left heart; six were transposition of great arteries,
six were PDA, four were AV canal defects; three
were tetralogy of Fallot, pulmonary artery atre-
sia and double outlet right ventricle and two were
right ventricular hypoplasia. The median age and
weight were significantly lower in the DE group
than in the IE and EE groups (p<0.001, p<0.001,
respectively). The frequency of anomalies, the
requirement of mechanical ventilation (MV) in
the preoperative period, and the number of ad-
missions to the intensive care unit were signifi-
cantly higher in the DE group than in the IE and
IE groups (p<0.001, p<0.001, p<0.001, respec-
tively; Table I). The median prealbumin level in
the IE group was significantly higher than in the
DE and EE groups (p=0.009; Table I). Whether
an emergency or elective, and the urgency of the
operation showed no difference between groups
(p>0.05; Table I).

Airway difficulty, CC time, CPB time, TCA,
and filtration use rate were significantly higher
in the DE group than in the IE and EE groups
(p<0.001, p=0.031, p=0.006, p=0.001, p=0.005,
respectively; Table I1). The hypothermia level was
significantly lower in the DE group than in the IE
and EE groups (p=0.008; Table II). The amount
of perioperative blood transfusion revealed no
difference between the study groups (Table II).

ICU length of stay, use of ECMO and CV-
VHDF, and mortality rate were significantly high-
er in the DE group than in the EE and IE groups
(p=0.002, p=0.001, p=0.001, p<0.001, respective-
ly; Table II). In the postoperative period, lactate
and Htc levels were significantly lower in the 1E
group than in the DE and EE groups (p=0.025,
p=0.020, respectively; Table II). The presence of
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Table I. Comparison of preoperative values of the groups.

IE EE DE
N (%) P
N (%) N (%)
Male 5(41.7) 25 (65.8) 8(36.4)
Gender 0.062°
Female 7(58.3) 13 (34.2) 14 (63.6)
Age (days)* 790 (98-5,200) 250 (6-4,680) 80 (3-3,650) <0.001*
Weight (gram)* 11,800 (4,300-42,000) 7700 (2,100-42,000) 4,050 (2,100-12,000) <0.001%
Present 4 (33.3) 4 (10.5) 16 (72.7)
Anomaly <0.001%*
Absent 8 (66.7) 34 (89.5) 6(27.3)
Home 8 (66.7) 22 (57.9) 2(9.1)
l‘?l‘lii't“‘““’“ Clinic 3(25) 13 (34.2) 8 (36.4) <0.001%
ICU 1(8.3) 3(7.9) 12 (54.5)
Yes - - 8(36.4)
Preop-MV <0.001*f
No 12 (100) 38 (100) 14 (63.6)
Preoperative albumin* 40.5 (36-43) 38 (32-48) 38 (26-49) 0.009*
Yes 3(25) 8 (21.1) 8 (36.4)
Urgency 0.428¢
No 9 (75) 30 (78.9) 14 (63.6)

Preop-MV, preoperative mechanical ventilation requirement; [E, immediate extubation; EE, early extubation; DE, delayed extu-
bation; ICU, intensive care unit. *p<0.05. “Chi-square test, ‘Fisher’s Exact test, “Kruskal-Wallis’ test.

postoperative infection, need for blood transfu-
sion, postoperative albumin level, and the com-
pany of open-chest showed no significance be-
tween study groups (Table II). Adrenaline and
milrinone usage rates were significantly higher in
the DE group than in IE and EE groups (p=0.004,
p=0.010, respectively; Table II).

A logistic regression analysis showed that the
presence of anomaly and MV before surgery,
airway difficulty, and prolonged CC time were
observed as factors affecting DE. The risk of DE
was significantly correlated with the presence of
abnormality (OR: 20.3, 95% CI: 2.8-142.7), with
the need of MV before surgery (OR: 1,844, 95%
CI: 1.8-1,790,461.9), and with the presence of air-
way difficulty (OR: 44.7, 95% CI: 4.4-445.0). In
addition, it was determined that cross-clamp time
increased the probability of DE 1.038 times per
minute (95% CI: 1.004-1.072; Table III). Factors
affecting mortality are presented in Table IV.

Aristotle Basic Scoring was used to classify
the surgical procedures based on their complex-
ity, with 30 patients undergoing Level 2, 16 un-
dergoing Level 4, 17 undergoing Level 1, and 9
undergoing Level 3. DE was not observed in any
patient at Level 1, while IE was not at Levels 3
and 4. In the IE group, the length of stay in the in-
tensive care unit, reintubation status, and mortal-
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ity rates were statistically significantly lower than
in IE and DE groups (p=0.002, p=0.012, p<0.001,
respectively; Table V).

Discussion

The present study revealed that age, weight,
the complexity of the surgery, admission unit,
presence of preoperative MV need, preoperative
albumin level, pump and CC duration, need for
perioperative TCA and filtration, perioperative
hypothermia level, postoperative ECMO and CV-
VHDF use, postoperative lactate and Htc, post-
operative milrinone and adrenaline requirement
may affect extubation times in pediatric cardiac
surgery patients.

In addition, the present study also showed that
age, weight, presence of anomaly, arrival from
the intensive care unit to the operation, need for
preoperative MV, preoperative albumin level,
difficulty in the airway, length of CPB and CC
period, deepening of hypothermia level, need for
TCA and filtration in surgery, ECMO, CVVHDF
and filtration, having reintubation, postoperative
infection, lactate, Htc and albumin levels, dopa-
mine and adrenaline need and presence of open-
chest were observed as factors affecting mortali-
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Table Il. Comparison of perioperative and postoperative values of the groups.

IE EE DE P

Difficult - 2(5.3) 12 (54.5)

Airway (n, %) <0.001**f
Easy 12 (100) 36 (94.7) 10 (45.5)

Operation time(minute) 213 (135-250) 223 (125-313) 234 (145-278) 0.066%

Preoperative blood transfusion (ml) 200 (150-400) 200 (50-400) 200 (100-400) 0.792%

CC time (minute) 64 (54-108) 92 (29-154) 110.5 (52-147) 0.031%

CPB time (minute) 98 (68-173) 123 (56-188) 161.5 (74-234) 0.006**
Yes 1(8.3 4(10.5 11 (50

TCA (n, %) @3 (105 (50) 0.001**f
No 11 (91.7) 34 (89.5) 11 (50)

Temperature 31 (28-34) 31 (28-34) 28 (26-34) 0.008**
Yes 4(33.3) 20 (52.6) 19 (86.4)

Filtration (n, %) 0.005%
No 8 (66.7) 18 (47.4) 3 (13.6)

ICU stay time (days) Median (Min-Max) 3.5(1-7) 4 (1-25) 6 (1-25) 0.002%
Yes 1(8.3) 10 (26.3) 12 (54.5)

Reintubation (n, %) 0.012*¢
No 11 (91.7) 28 (73.7) 10 (45.5)
Yes - 2(5.3) 9 (40.9)

ECMO (n, %) 0.001**f
No 12 (100) 36 (94.7) 13 (59.1)
Yes - 4 (10.5) 10 (45.5)

CVVHDF (n, %) 0.001%*f
No 12 (100) 34 (89.5) 12 (54.5)

Postoperative lactate 2.3 (0.6-5.8) 4.2 (1.2-12.3) 3.8(1.2-14) 0.025%k

Postoperative Htc 35 (32-39) 36.5 (32-44) 38.5 (32-44) 0.020%
Yes - 11 (28.9) 11 (50)

Milrinone (n, %) 0.010*¢
No 12 (100) 27 (71.1) 11 (50)
Yes - 6 (15.8) 10 (45.5)

Adrenalin (n, %) 0.004*f
No 12 (100) 32 (84.2) 12 (54.5)
Exitus - 2(5.3) 11 (50)

Mortality (n, %) - <0.001**f
Alive 12 (100) 36 (94.7) 11 (50)

CC, Cross clamp; CPB, cardiopulmonary bypass, TCA: total circulatory arrest; ICU, intensive care unit; ECMO, extracorporeal
membrane oxygenation; CVVHDF, continuous venovenous hemodiafiltration; Htc, hematocrit IE, immediate extubation; EE,
early extubation; DE, delayed extubation. °Chi-square test, ‘Fisher’s Exact test, “Kruskal-Wallis’ test. *p<0.05, **p<0.001.

ty. Furthermore, the length of stay in the intensive
care unit, intubation rate, and mortality were low-
er in the IE group than in the other groups.

Table 1. Logistic regression analysis for independent factors affecting delayed extubation.

Despite technological advancements, pediat-
ric cardiac surgery is still a complicated proce-
dure for managing the surgical and postoperative

95% CI for OR p
OR
Lower Upper
Presence of anomaly 20.316 2.891 142.776 0.002*
Preoperative MV requirement 1,844.030 1.899 1,790,461.953 0.032*
Airway difficulty 44.734 4.497 445.011 0.001*
CC time (minute) 1.038 1.004 1.072 0.028*
MYV, mechanic ventilation; CC, cross clamp. *p<0.05.
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Table IV. The association between mortality and perioperative features.

Exitus Alive
N (%) P
N (%)

Mal

Gender ale 4 (10.5) 34 (89.5) 0.079°
Female 9(26.5) 25 (73.5)

Age (days)* 95 (3-3,650) 255 (4-5,200) 0.002*™

Weight (gram)* 3,100 (2,300-6,500) 8,000 (2,100-42,000) <0.001*™
Absent

Anomaly sen 5(10.4) 43 (89.6) 0.025%
Present 8(33.3) 16 (66.7)
Home - 32 (100)

Admission unit Clinic 4(16.7) 20 (83.3) <0.001*
ICU 9 (56.3) 7 (43.8)
Y

Preoperative MV b 6 (15) 2(25) <0.001%"
No 7(10.9) 57 (89.1)

Preoperative albumin* 35 (26-41) 38 (32-49) 0.002%m
E

Airway 2y 760 760 0.002%"
Difficult 6(10.3) 52 (89.7)

Operation time* 255 (145-313) 223 (125-278) 0.003%™

CPB time (minute)* 172 (78-234) 114 (56-188) 0.002%m
Yo

TCA = 8 50) 8 50) 0,001+
No 5(8.9) 51 (91.1)

Temperature* 28 (26-32) 31 (26-34) <0.001*
Yes

Filtration 11256) 32(74.4) 0.043%¢
No 2 (6.9) 27(93.1)

ICU stay time (days)* 6 (1-25) 4 (1-16) 0.001*™
Y

Reintubation = 12(52.2) 11 (47.8) <0.001
No 1(2) 48 (98)
Y -

ECMO b 11 (100) <0.001*"
No 2 (3.3) 59 (96.7)
Yo

CVVEDF es 11 (78.6) 3(21.4) <0.001%"
No 2 (3.4) 56 (96.6)

Postoperative lactate* 7.1 (2.9-14) 3.4 (0.6-8.4) 0.001*™

Postoperative Htc* 40 (36-44) 36 (32-42) 0.006%™

Postoperative albumin* 35 (28-44) 38 (28-44) 0.033*m
Yes 8 (42.1 11(57.9

Postoperative infection @2.1) (57.9) 0.003*f
No 5(9.4) 48 (90.6)
Yo

Dopamine i 8 38.1) 13 (61.9) 0.015%f
No 5(9.8) 46 (90.2)
Yo

Adrenalin b 10(62.5) 6(375) <0.001*f
No 3(5.4) 53 (94.6)
Yes - *f

Open-chest 6 (100) <0.001
No 7 (10.6) 59 (89.4)

ICU, intensive care unit; MV, mechanic ventilation; CPB, cardiopulmonary bypass; TCA, total circulatory arrest; ECMO,
extracorporeal membrane oxygenation; CVVHDF, continuous venovenous hemodiafiltration; Htc, hematocrit. *p<0.05. <Chi-
square test, ‘Fisher’s Exact test, "Mann-Whitney U test.
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Table V. Extubation times according to Aristotle scoring system.

IE EE DE
(n=12) (n=38) (n=22)
Level 1 (n=17) 9 8 0
Level 2 (n=30) 3 24 3
Level 3 (n=9) 0 4 5
Level 4 (n=16) 0 2 14

IE: Immediate extubation, EE: Early extubation, DE: Delayed extubation.

phases. In addition, the lower age and weight of
the patients create difficulties in terms of surgery
and anesthesia. In some studies®®, patients’ age,
weight, preoperative cardiopulmonary status, an-
esthetic drug dose, procedure complexity, CPB,
and CC duration were shown as independent pre-
dictors of early extubation.

A retrospective study’® including more than
900 pediatric patients who underwent congenital
heart surgery showed an inverse relationship be-
tween the patient’s age and weight and IE. The
same results were reported in a similar study'.
In our study, the median age was 80 days for the
DE patients, 790 days for the IE patients, and 250
days for EE patients. A 98-day-old patient was the
youngest to undergo IE successfully, and a 4,300-
gram patient was the smallest. As for the young-
est and smallest patients who successfully under-
went DE, the youngest was three days old, while
the smallest was 2,100 grams. In our study, the
likelihood of having DE increases with younger
age, lower weight, anomaly, and airway difficulty.
In our study, unlike other studies, it was observed
that preoperative albumin levels and mechani-
cal ventilation requirements affected extubation
times. It is suggested that this situation is associ-
ated with both existing developmental delay and
malnutrition in children with advanced congeni-
tal cardiac disease. We attribute the fact that there
is no difference between the urgent admission of
the patients and the extubation times due to the
complete preparation of the patients in our clinic.

CPB surgery can result in low cardiac output
syndrome due to inflammation, ischemia-reper-
fusion injury, and hypothermia caused by aortic
cross-clamping. During cardiopulmonary bypass,
pulmonary endothelial damage occurs, resulting
in decreased pulmonary compliance and increased
pulmonary vascular resistance. Cardiopulmonary
bypass damages pulmonary endothelial cells,
which increases pulmonary vascular resistance

and decreases pulmonary compliance'. The dura-
tion of the CPB plays an essential role in determin-
ing the extubation time'?. A five-year cohort study*®
of infants after surgery of transposition of the great
arteries showed that longer CPB and CC times (173
min vs. 86 min) and hypothermia levels less than
or equal to 30.4°C were associated with a lower
probability of IE. In another study" with a 5-year
follow-up, a negative relationship was shown be-
tween the age and duration of CPB and early extu-
bation. An investigation of similar data found that
the time of CPB, the course of CC, the duration of
deep hypothermia, the length of regional low-flow
perfusion, the need for epinephrine or inotropes
other than milrinone, excess blood loss, and the
need for red blood cell transfusion were all nega-
tively correlated with IE incidence. It has been con-
cluded® that IE can be successfully performed in
most pediatric patients who underwent surgery for
congenital heart disease. Consistent with previous
studies®*8, the duration of CPB and CC in the IE
group was shorter than in our study’s EE and DE
groups. The need for milrinone and adrenaline in
the postoperative period has been associated with
IE or DE. This finding is strongly related to our
preference for milrinone and adrenaline in patients
with greater surgical complexity and poor ventric-
ular function.

In a study'® conducted in a hospital where early
extubation was successful, reintubation rate, na-
sal continuous positive airway pressure rate, and
length of stay in the intensive care unit and hospi-
tal were found to be shorter in patients with ear-
ly extubation. Early extubation was affected by
age, weight, preoperative pneumonia, CPB type,
duration of CPB, deep hypothermic circulatory
arrest, ultrafiltration, and Society of Thoracic
Surgeons-European Association for Cardiotho-
racic Surgery Congenital Heart Surgery (STAT)
categories. In our study, none of the patients were
diagnosed with pneumonia at the time of surgery.
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Less need for TCA and hemofiltration was found
to be significant in [E. Similar to the previous
studies'®”, IE was not observed in any patients
with Levels 3 and 4 according to the Aristotle
score system. Also, DE was not observed in Level
1 patients.

Preoperative respiratory support requirement
and prolonged CPB duration were negatively
correlated with IE®". Our study observed no pa-
tient who received mechanical ventilation support
in the IE and EE groups in the preoperative pe-
riod. This finding could be associated with the
increased need for preoperative MV due to low
cardiac reserves in patients with high surgical
complexity, which led to the difficulty of early
extubation in these patients or the fact that teams
do not prefer it.

A meta-analysis showed that various research-
ers'® define early extubation differently. Early ex-
tubation covers the time from the operating room/
to 24 hours after surgery. Anesthetic protocols
and preferred inhalation agents differed widely
between studies'®?' regarding anesthetic drugs
and doses. In many surgeries involving complex
repairs, early and immediate extubation is possi-
ble with modern, short-acting anesthetics such as
remifentanil, dexmedetomidine, and propofol, as
well as various regional techniques such as intra-
thecal morphine delivery”. Previous articles**
discussing early extubation have referred to an
excessive intraoperative narcotic use as an indi-
cation of failure of immediate or early extubation.
However, this association did not play a signifi-
cant role in unsuccessful extubation in patients
due to the standard perioperative dose of opioid
agents. In our hospital, we prefer anesthetic proto-
cols in which the use of opioids is as low as possi-
ble. Therefore, the anesthesia method, which may
affect the extubation times, was standardized for
all our study patients.

The studies' demonstrated that urgent extuba-
tions resulted in shorter stays in intensive care units,
minimal operating room turnovers, and no increase
in reintubations. In our study, the length of stay in
the intensive care unit was significantly lower in the
IE group. Similar to the studies***, the need for re-
intubation in 8.3% of the patients in the IE group,
26.3% in the EE, and 54.5% in the DE caused a sig-
nificant difference between the groups. In our study,
the percentage of reintubation in the IE group was
close to the reintubation rate of 11% reported in the
pediatric cardiac intensive care consortium study®.

Studies® showing that most children with con-
genital heart surgery can be extubated in the op-
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erating room are becoming widespread. In addi-
tion, some studies'® reported that many newborns,
including those who have undergone complex
procedures, can be extubated within the first 24
hours after surgery. In these studies?, early extu-
bation has been associated with lower morbidity/
mortality rates, shorter intensive care units, and
hospital stays. In our study, 16% of the patients
were extubated within the first 6 hours postoper-
atively, and 69% within the first 48 hours. In ad-
dition, early extubation time was associated with
a decrease in intensive care unit length of stay,
which supports the previous studies***.

In our study, the need for postoperative ECMO,
CVVHDF, high lactate, low Htc, milrinone, and
adrenaline also affected extubation times. We
observed that these conditions, which are more
common, especially in patients with poor ven-
tricular function and requiring support, reduce
the possibility of IE. We frequently encounter
hyperlactatemia caused by tissue hypoperfusion
after hypoxia and hyperactive anaerobic glycol-
ysis, including in postoperative cardiac patients.
Researchers* found that high lactate levels in the
early postoperative period were associated with
increased morbidity and mortality. They also
concluded that the first postoperative lactate level
might indicate the extubation time.

Similarly, postoperative lactate levels showed an
inverse correlation with IE in our study. Increased
consumption of inotropic drugs after cardiac sur-
gery is associated with poor ventricular function,
morbidity, and mortality'. Our research observed
less IE in patients who needed inotropic support,
especially with milrinone and adrenaline.

Similar to another study® conducted in our
hospital, mortality was 18%. In our study, mor-
tality was not observed in the IE group, where it
was 5.3% in the EE group and 50% in DE. In our
study, prolonged intubation time resulted in in-
creased mortality.

Higher nursing hours per patient per day and
critical care certified nursing staff percentage was
associated with a lower probability of extubation
failure®. Although the predictors were similar in
our study, the absence of any follow-up in nursing
care can be considered a limitation of our study.

Conclusions
Early extubation in children who underwent

congenital heart surgery has been successfully
performed in our hospital. Patients with early ex-



Factors affecting extubating times

tubation had lower mortality and a shorter length
of stay in the ICU. The present study revealed that
age, weight, complexity of the surgery, admission
unit, CPB and CC time, preoperative MV need,
hypothermia level, postoperative lactate, milri-
none, and adrenaline need might affect extuba-
tion times. More studies are required to elucidate
the importance of early extubation after pediatric
cardiac surgery.
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