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Abstract

Objective: This study was designed to assess the factors that
influence immediate extubation following totally thoraco-
scopic closure of congenital heart defects. Subjects and
Methods: Clinical and operational data of 216 patients (87
males, average age 13.6 £ 10.9 years) were retrospectively
analyzed. Atrial (ASD, n = 90) or ventricular septal defects
(VSD, n = 126) were closed via a totally thoracoscopic ap-
proach. Ultra-fast-track anesthesia (UFTA) was used in all pa-
tients. Results: Immediate extubation in the operating room
was successfully performed in 156 (72.2%) patients. A de-
layed extubation was completed in the intensive care unit in
the remaining 60 (27.8%) patients. There was no significant
difference in the age, sex, body weight, or type of congenital
heart defect between the immediate and delayed extuba-
tion groups (p > 0.05). However, more patients in the delayed
extubation group had severe preoperational pulmonary hy-
pertension [8 (13.3%) vs. 4 (2.3%), p < 0.05]. The cardiopulmo-
nary bypass time, aortic clamp time, and total duration of the
surgery in the immediate extubation group were shorter

than in the delayed extubation group (p < 0.05). Multivariate
logistic regression analysis showed that preoperational pul-
monary hypertension, duration of the surgery or cardiopul-
monary bypass, and dosage of fentanyl used during the sur-
gery were independent predictors for immediate extuba-
tion. Conclusions: UFTA and immediate extubation in the
operating room was feasible and safe in the majority of pa-
tients undergoing totally thoracoscopic closure of ASD or
VSD. Preoperational pulmonary hypertension, duration of
the surgery, and the dosage of fentanyl used for UFTA were
the determining factors forimmediate extubation.

Copyright © 2012 S. Karger AG, Basel

Introduction

Thoracoscopic technologies have been used to repair
atrial or ventricular septal defects (ASD or VSD) in chil-
dren and young adults [1-6]. General anesthesia is re-
quired for thoracoscopic closures of ASD or VSD, and
extubation was conducted in the intensive care unit (ICU)
in the majority of the previously reported cases [1-6].
Fast-track anesthesia (FTA) is an anesthesia that enables
patient extubation within 6 h after the cardiac surgery [7,
8], whereas with ultra-fast-track anesthesia (UFTA), ex-
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tubation is conducted while patients are still in the oper-
ating room [9]. Although UFTA appears feasible after
coronary artery bypass grafting or cardiac valve replace-
ment surgeries [10, 11], there has been limited informa-
tion about the application of UFTA during thoracoscop-
ic closures of congenital cardiac defects. The feasibility
and safety of UFTA in patients undergoing totally thora-
coscopic surgery have not been previously studied. Our
earlier experience showed that approximately a third of
the patients who were treated with totally thoracoscopic
surgeries were extubated in the operating theater [12].
However, the factors that determine the immediate extu-
bation were unknown [12]. The aim of this study was to
investigate the factors that influence the immediate extu-
bation in a larger cohort of patients following totally tho-
racoscopic closure of congenital heart defects.

Subjects and Methods

Selection of Patients

This retrospective study was approved by the Institutional Re-
view Board of our hospital. The clinical and operational data of
216 patients who underwent totally thoracoscopic closure of a
congenital heart defect between 2009 and 2011 were retrieved.
There were 87 males and 129 females, with an average age of 13.6
+ 10.9 years (range 3-45) and an average body weight of 32.9 +
14.3 kg (range 11-68). Preoperational echocardiography showed
ASD in 90 patients, and VSD (membranous or perimembranous)
in 126. Twelve patients had a preoperational pulmonary systolic
pressure of 60-70 mm Hg. All patients had a New York Heart As-
sociation functional class I or II.

General Anesthesia

The thoracoscopic procedures in the present study were per-
formed by the same operator (Z.M.) and the general anesthesia
was performed by the same anesthetist (Z.Z.) using our recently
reported methods [12]. For the induction of general anesthesia,
midazolam, propofol, fentanyl, and vecuronium were adminis-
tered intravenously. Single and double lumen intubation was per-
formed in patients with a body weight <30 kg and >30 kg, respec-
tively. Continuous infusion of remifentanil and intermittent in-
halation of sevoflurane was used to maintain the general
anesthesia.

Following the surgery, extubation was attempted in the oper-
ating room (immediate extubation group) if all of the following
criteria were met [12]: (a) responding to verbal commands, (b)
spontaneous respiration with Spo, >95%, (c) stable blood pres-
sure, (d) body temperature >36.5°C, and (e) arterial blood gas: pH
>7.30, Pa0, >60-70 mm Hg, Pac0O, <45 mm Hg, and Fio, <0.5.
Those who did not meet the above criteria within 20 min of the
surgery were transferred to the ICU for monitoring and extuba-
tion (delayed extubation group). To assess the immediate extuba-
tion rate at different learning curves of the operating team, the 216
patients were divided into 4 groups, and the extubation rate was
calculated in each group.

Immediate Extubation after
Thoracoscopic Cardiac Surgeries

Cardiopulmonary Bypass and Surgical Techniques

We have previously reported our techniques of totally thoraco-
scopic closure of ASD and VSD [5, 6]. Cardiopulmonary bypass was
established by inserting a Carpentier double-lumen catheter
(Medtronic, USA, or Kangxin, China) into the inferior and supe-
rior vena cava through the right femoral vein. Perfusion was per-
formed through a second catheter in the abdominal aorta. Three
small incisions (1-1.5 cm) were made on the right side of the chest,
in the right 4th intercostal space, and in the right 5th and 6th inter-
costal space, respectively, for the placement of thoracoscopy (Olym-
pus Corporation, Tokyo, Japan) and other surgical equipment.
ASD or VSD were closed with either direct sutures or a bovine
patch if a defect was large. Transesophageal echocardiography was
performed after the closure to verify the integrity of the repair.

Statistical Analysis

All statistical analyses were performed with the SPSS software
package (version 13.0; Chicago, I1l., USA). Data are expressed as
means + SD. Differences in continuous variables between groups
were compared by one-way ANOVA. Categorical variables were
compared by x* or Fisher’s exact test. Multivariate logistic regres-
sion analysis was performed to identify predicting factors for im-
mediate extubation. Patient demographics, type of heart defect,
presence of pulmonary hypertension, date of operation, total op-
eration time, aortic clamp time, cardiopulmonary bypass time,
and dose of fentanyl used during the surgery were entered into the
regression model. p 0.05 was considered statistically significant.

Results

General Findings

The surgical procedures were successful in all patients.
There were no postoperative mortalities or major compli-
cations, such as bleeding requiring reoperation or cere-
brovascular events. The mean duration of cardiopulmo-
nary bypass was 58 + 29 min (range 23-192). The mean
aortic clamp time was 30 + 18 min (range 25-79).

Immediate Extubation Rate

Of the 216 patients, 156 (72.2%) met the immediate
extubation criteria and were extubated in the operating
room. In 2 (1.3%) patients, reintubation was performed in
the operating room within 15 min of the initial extuba-
tion. One reintubation was due to a decline in conscious-
ness level in the operating room shortly after extubation,
and the other was due to arrhythmia and a reduction in
blood pressure. Both patients had an uneventful postop-
erative recovery following a successful extubation 3 h af-
ter the ICU admission. In the remaining 60 (27.8%) pa-
tients, delayed extubation was performed in the ICU after
a short period of mechanical ventilation (mean 85 * 30
min). Immediate extubation was successfully performed
in 4 of the 12 patients with a preoperational pulmonary
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Table 1. Clinical and operational data of the immediate extuba-
tion and delayed extubation groups, and univariate logistic re-
gression analysis

Indices Immediate Delayed p
extubation extubation value
(n=156) (n=60)
Males, n (%) 66 (42) 24 (40)  0.538
Age, years 14.2+£9.9 15.1+10.7  0.449
Body weight, kg 31.8+£14.1 33.7£135  0.360
VSD, n (%) 96 (61.6)  33(55.7) 0.948
Mean PASP, mm Hg 46.6+£7.9 50.1+£9.6 0.031
Pulmonary hypertension
(PASP 60-70 mm Hg),n (%) 4 (2.3) 8(13.3) 0.042
Dose of fentanyl, pg/kg 6.6£3.2 9.5+3.7  <0.001
Membrane oxygenator, n (%) 90 (58) 34 (56) 0.887
CPB, min 50£26 69129  <0.001
Aortic clamp time, min 29+18 47+21  <0.001
Duration of the surgery, min 80+35 110+38  <0.001

PASP = Pulmonary arterial systolic pressure; CPB = cardio-
pulmonary bypass.

100 — p <0.05

p <0.05

80 p <0.05

60

40

Extubation rate (%)

20

0 \ \ \ \
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Fig. 1. Comparison of immediate extubation rates between the 4
groups. There was an increase in the successful extubation rate
after the first 54 operations (group 1).

Table 2. Immediate extubation rate at different stages of the learning curve

Indices First group Second group Third group Fourth group
(n=54) (n=54) (n=54) (n=54)
PASP 60-70 mm Hg, n (%) 0 2 (0.04) 4(0.07) 6 (0.11)
Cardiopulmonary bypass time, min 80+26 62+23? 48+16%° 45+14%0
Aortic clamp time, min 55+28 42+212 35+18%? 30+12%0
Duration of the surgery, min 115+35 90+21* 76+16%° 70+17%°

PASP = Pulmonary arterial systolic pressure. ® p < 0.05 compared with the first group. ® p <0.05 compared with the second group.

pressure of 60-70 mm Hg. In 7 patients extubation was
performed 240 min after the surgery, and in 1 patient it
was performed 350 min after the surgery.

There was no statistically significant difference in age,
sex, body weight, or type of heart defect (ASD or VSD)
between the immediate and delayed extubation groups
(table 1). However, the cardiopulmonary bypass time,
aortic clamp time, and total duration of the surgery in
the immediate extubation group (46.6 £ 7.9 mm Hg)
were shorter than in the delayed extubation group (p <
0.05). The mean pulmonary systolic pressure in the im-
mediate extubation group was lower than in the delayed
extubation group (50.1 + 9.6 mm Hg), and a smaller pro-
portion of the patients in the immediate extubation
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group had preoperational pulmonary hypertension (p <
0.05). The dosage of fentanyl used in the immediate ex-
tubation group was lower than in the delayed extubation
group (p < 0.05).

As shown in table 2, after the first 54 operations (the
tirst group of patients), there was a statistically significant
reduction in the cardiopulmonary time, aortic clamp time,
and total duration of the surgery (p < 0.05). The immediate
extubation rate also increased from 29 to 74% (fig. 1, p <
0.05). After the first 108 operations (the first and the sec-
ond group), there was a further reduction in the cardiopul-
monary bypass time, aortic clamp time, and total duration
of the surgery (table 2, p < 0.05). The immediate extubation
rate also increased to 93% (fig. 1, p < 0.05).

Yu et al.
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Clinical Outcomes

The clinical outcomes of patients with immediate and
delayed extubation are shown in table 3. The proportion
of the immediate extubation group who required postop-
erative analgesics (fentanyl) was lower than in the delayed
extubation group (p <0.01). The mean duration of ICU
stays in the immediate extubation group was shorter (p
<0.05). However, there was no statistically significant dif-
ference in the rate of arrhythmia, postoperative pulmo-
nary atelectasis, and duration of postoperative stay be-
tween the two groups (p > 0.05).

Factors Influencing Immediate Extubation

Multivariate logistic regression analysis also showed
that preoperational pulmonary hypertension, dose of
fentanyl, cardiopulmonary bypass time, aortic clamp
time and total duration of surgery were independent pre-
dictors for immediate extubation (table 4).

Discussion

This study demonstrated that UFTA can be safely used
in patients undergoing totally thoracoscopic closure of
ASD or VSD, and immediate extubation in the operating
room can be achieved in the majority of the patients.
More importantly, this study revealed that the rate of im-
mediate extubation was related to the presence of preop-
erational pulmonary hypertension, the cardiopulmonary
bypass time, the aortic clamp time, the total duration of
the operation, and the dose of fentanyl used during the
surgery.

Preoperational pulmonary hypertension is a major
limiting factor for UFTA and immediate extubation [13,
14]. Some investigators consider severe preoperational
pulmonary hypertension as a contraindication for UFTA
[15], although this view has been debated by others [16].
In our early studies, patients with severe preoperational
pulmonary hypertension (>60 mmHg) were excluded
from these thoracoscopic procedures [5, 6]. As our surgi-
cal experiences improved, we began to operate on pa-
tients with a pulmonary pressure between 60-70 mm Hg
and NYHA functional class II. As shown in this study,
immediate extubation was achieved in approximately a
third of the patients with severe pulmonary hyperten-
sion, and the majority of these patients required extuba-
tion in the ICU after approximately 4 h of mechanical
ventilation. These results suggest that care should be tak-
en in the application of immediate extubation in patients
with severe preoperational pulmonary hypertension.

Immediate Extubation after
Thoracoscopic Cardiac Surgeries

Table 3. Clinical outcomes of the patients

Indices Immediate Delayed p
extubation extubation value
(n=156) (n=60)
Postoperative analgesia, n (%) 21 (14) 17 (29) <0.01
Volume of chest drainage, ml 110£60 121+69  0.249
Transient heart block, n (%) 0 1(1.7) 0.644
Pulmonary atelectasis®, n (%) 8 (5.1) 3(5) 0.987
ICU stay, h 18+4 24+7 <0.01
Postoperative hospital stay, days  5.0+0.9 55+1.3 0431

2 Diagnosis was based on clinical symptoms and bedside chest
X-ray.

Table 4. Multivariate logistic regression analysis of predicting fac-
tors for immediate extubation

Indices OR  95% CI p
value
PASP 60-70 mm Hg 1.840 1.734-2.414 0.041
Dose of fentanyl 2.368 1.027-5.458 0.003
Cardiopulmonary bypass time (min) 2.104 1.029-5.184 0.006
Aortic clamp time (min) 2.614 0.853-5.981 0.002
Duration of the surgery (min) 1.019 1.003-1.035 0.016

PASP = Pulmonary arterial systolic pressure.

Previously retrospective analyses showed that total
duration of surgery, cardiopulmonary bypass time and
aortic clamp time were the independent predictors of im-
mediate extubation [15, 16]. A longer cardiopulmonary
bypass time is required for more complex cases or in cas-
es with unexpected difficulties during the surgery. Lon-
ger cardiopulmonary bypass time was associated with an
increased risk of inflammatory response syndrome with
generalized edema, decreased respiratory compliance,
acute lung injury, and coagulopathy, all of which affect
the ability to extubate a patient immediately after surgery
(15]. In the present study, the surgeries and the general
anesthesia were performed by the same team, which al-
lowed analysis of the immediate extubation rate at differ-
ent stages of the learning curve. There was a statistically
significant reduction in the total surgical time, cardio-
pulmonary bypass time, and aortic clamp time, after the
first 108 operations. In the meantime, the rate of success-
ful immediate extubation increased from 29 to 93-96%.
There was no statistically significant difference in the
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age, sex, body weight, types of the congenital defects, and
types of the oxygenation methods used between the im-
mediate extubation and delayed extubation groups. How-
ever, the cardiopulmonary time, aortic clamp time, and
the total duration of the surgery in the immediate extuba-
tion group were shorter than in the delayed extubation
group. Multivariate logistic regression analysis showed
that total duration of surgery, cardiopulmonary bypass
time and aortic clamp time were independent predictors
for successful immediate extubation in the operating
room. These results confirmed that the experiences of the
surgical team play a critical role in reducing the operating
times and in improving the rate of immediate extubation.

The dose of fentanyl used in the general anesthesia ap-
pears to play an important role in the duration of the sur-
gery and in the success rate of immediate extubation. In
patients undergoing coronary bypass surgery, alow intra-
operative dose of fentanyl was an independent predictor
of early extubation [17]. In the present study, the mean
dose of intraoperative fentanyl in the immediate extuba-
tion group was lower than in the delayed extubation
group. Furthermore, multivariate regression analysis
demonstrated that the dose of fentanyl was an indepen-

dent predictor for successful immediate extubation.
These results suggest that minimization of the fentanyl
use during the operation may facilitate immediate extu-
bation following the endoscopic closure of congenital
heart defects.

Although this study has demonstrated that early extu-
bation is feasible and safe in the majority of patients un-
dergoing totally endoscopic closure of ASD or VSD, it is
worth noting that early extubation is not the ultimate
outcome measure for this novel surgery, as early extuba-
tion is largely operator dependent.

Conclusion

This retrospective study demonstrated that UFTA and
immediate extubation can be performed in the majority
of patients undergoing totally thoracoscopic closure of
ASD or VSD. The rate of success for immediate extuba-
tion is largely related to the severity of preoperational
pulmonary hypertension, dosage of fentanyl, and the du-
ration of the surgery or cardiopulmonary bypass.

References

»1 Wimmer-Greinecker G, Dogan S, Aybek T, P6 Ma ZS, Dong MF, Yin QY, Feng ZY, Wang P12 Zhang ZW, Zhang XJ, Li CY, Ma LL, Wang
Khan ME, Mierdl S, Byhahn C, Moritz A: To- LX: Totally thoracoscopic repair of ventricu- LX: Technical aspects of anesthesia and car-
tally endoscopic atrial septal repair in adults lar septal defect: a short term clinical obser- diopulmonary bypass in patients undergo-
with computer-enhanced telemanipulation. J vation on safety and feasibility. ] Thorac Car- ing totally thoracoscopic cardiac surgery. J
Thorac Cardiovasc Surg 2003;126:465-468. diovasc Surg 2011;142:850-854. Cardiothorac Vasc Anesth 2012;26:270-273.

»2 Argenziano M, Oz MC, Kohmoto T, Morgan P7 Silbert BS, Santamaria JD, O’Brien JL, Blyth P13 Davis S, Worley S, Mee RB, Harrison AM:
J, Dimitui ], Mongero L, Beck ], Smith CR: CM, Kelly W], Molnar RR: Early extubation Factors associated with early extubation af-
Totally endoscopic atrial septal defect repair following coronary artery bypass surgery: a ter cardiac surgery in young children. Pedi-
with robotic assistance. Circulation 2003; prospective randomized controlled trial - atr Crit Care Med 2004;5:63-68.
108(suppl 2):191-194. the Fast Track Cardiac Care Team. Chest P14 Oxelbark S, Bengtsson L, Eggersen M, Kopp

>3 MorganJA, Peacock JC, Kohmoto T, Garrido 1998;113:1481-1418. ], Pedersen J, Sanchez R: Fast track as a rou-
MJ, Schanzer BM, Kherani AR, Vigilance >3 Svircevic V, Nierich AP, Moons KG, Brandon tine for open heart surgery. Eur J Cardiotho-
DW, Cheema FH, Kaplan S, Smith CR, Oz Bravo Bruinsma GJ, Kalkman CJ, van Dijk rac Surg 2001;19:460-463.

MC, Argenziano M: Robotic techniques im- D: Fast-track anesthesia and cardiac surgery: P15 Mittnacht AJ, Thanjan M, Srivastava S, Joashi
prove quality of life in patients undergoing a retrospective cohort study of 7,989 pa- U, Bodian C, Hossain S, Kin N, Hollinger I,
atrial septal defect repair. Ann Thorac Surg tients. Anesth Analg 2009;108:727-733. Nguyen K: Extubation in the operating room
2004;77:1328-1333. »9 Djaiani GN, Ali M, Heinrich L, Bruce ], Car- after congenital heart surgery in children. J

P4 Vistarini N, Aiello M, Mattiucci G, Alloni A, roll J, Karski J, Cusimano RJ, Cheng DC: Ul- Thorac Cardiovasc Surg 2008;136:88-93.
CattadoriB, Tinelli C, Pellegrini C,D’Armini tra-fast-track anesthetic technique facilitates P16 Szekely A, Sapi E, Kiraly L, Szatméri A, Din-
AM, Vigano M: Port-access minimally inva- operating room extubation in patients un- ya E: Intraoperative and postoperative risk
sive surgery for atrial septal defects: a 10-year dergoing off-pump coronary revasculariza- factors for prolonged mechanical ventilation
single-center experience in 166 patients. ] tion surgery. ] Cardiothorac Vasc Anesth after pediatric cardiac surgery. Paediatr An-
Thorac Cardiovasc Surg 2010;139:139-145. 2001;15:152-157. aesth 2006;16:1166-1175.

»5 Ma ZS, Dong MF, Yin, QY, Feng ZY, Wang »10 Hawkes CA, Dhileepan S, Foxcroft D: Early P17 KuriharaY, ShimeN, Miyazaki T, Hashimo-
LX: Totally thoracoscopic repair of atrial extubation for adult cardiac surgical pa- to S, Tanaka Y: Clinical and hemodynamic
septal defect without robotic assistance: a tients. Cochrane Database Syst Rev 2003; factors associated with the outcome of early
single-center experience. ] Thorac Cardio- 4:CD003587. extubation attempts after right heart bypass
vasc Surg 2011;141:1380-1383. P11 Horswell JL, Herbert MA, Prince SL, Mack surgery. Interact Cardiovasc Thorac Surg

M]J: Routine immediate extubation after off- 2009;8:624-628.
pump coronary artery bypass surgery: 514
consecutive patients. ] Cardiothorac Vasc
Anesth 2005;19:282-287.
238 Med Princ Pract 2013;22:234-238 Yu et al.

DOI: 10.1159/000345844


http://dx.doi.org/10.1159%2F000345844

	CitRef_1: 
	CitRef_11: 
	CitRef_12: 
	CitRef_2: 
	CitRef_3: 
	CitRef_13: 
	CitRef_4: 
	CitRef_14: 
	CitRef_5: 
	CitRef_15: 
	CitRef_6: 
	CitRef_16: 
	CitRef_7: 
	CitRef_17: 
	CitRef_8: 
	CitRef_9: 
	CitRef_10: 


