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Anesthesia during and after off-pump surgery is critical for the outcome of the procedure. 
Intubation time has been shown to correlate with ICU time and length of stay. This study is to evaluate 
the extubation time and predictors of prolonged extubation in this institution. 

One hundred and sixty consecutive patients during Jan 2001 - June 2002, excluding pre­
operative tracheostomy (n = 1) were retrospectively reviewed. Anesthetic agents include fentanyl, 
rocuronium Bromide, midazolam and sevoflurane. Phenylephrine and nitroglycerine were used to main­
tain adequate arterial pressures. Post-operative pain control was mainly with intravenous fentanyl and 
oral pain medications. 

The extubation time was divided into 4 groups; 0-2 h, n = 76, mean =1.11 ± 0.5 h; 2-4 h, 
n = 30, mean= 2.91 ± 0.5 h; 4-24 h, n = 39, mean= 11.44 ± 7.3 h; > 24 h, n = 5, mean= 33.3 ± 21 h. 

The data were collected and analyzed following the guidelines of National STS cardiac sur­
gery database. All pre-operative risk factors included: Age (> 70 yrs vs ~ 70 yrs), gender (male vs 
female), diabetes (yes vs no), hypertension (yes vs no), morbid obesity (yes vs no), renal insufficiency 
(yes vs no), chronic obstructive lung disease (yes vs no), history of cerebrovascular accident (yes vs 
no), smoking (yes vs no), dyslipidemia (yes vs no), history of myocardial infarction (MI) (yes vs no), 
history of congestive heart failure (CHF) (yes vs no), unstable angina (yes vs no), left ventricular 
ejection fraction (L VEF) (> 40% vs ~ 40% ), left main (LM) lesion (LM > 50% vs LM ~ 50%), intra­
aortic balloon pump (IABP) used (yes vs no) and time between operating and closing (> 4.30 h vs 
~ 4.30 h) were used to predict failed early extubation (2 h) 

More than 50 per cent of the patients were extubated in less than 2 h. ( 1.11 ± 0.5 h) and only 
5 patients were extubated after 24 h. Univariate analysis revealed old age, diabetes, MI, CHF, LVEF ~ 
0.4 and the use of IABP are the predictors (p < 0.05) of failed early extubation. Multivariate analy­
sis of these variables revealed old age with adjusted odds ratio of 4.6 (95% CI = 1.5-13.7) p < 0.01, 
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diabetes with adjusted odds ratio of 3.2 (95% CI = 1.3-7.5) p < 0.01 and IABP used with adjusted odds 
ratio of 4.3 (95% Cl = 1.3-14.6) p = 0.02 are the predictors of fail early extubation. The findings sug­
gested early extubation is possible in OPCAB surgery and attention should be made when operate in 
patients who have old age, diabetes, and IABP used. 
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Off-Pump coronary artery bypass surgery 
or "OPCAB" is being utilized more and more at the 
Bangkok Heart Institute. This program was started 
slowly in January of2001 with very few cases sche­
duled along with the conventional "On-pump" pro­
cedure. During this initial period, teaching and learn­
ing experiences allowed the authors to become more 
familiar with the procedure and the potential compli­
cations from verticalizing the heart. One of the pri­
mary goals for anesthesiologists is to maintain stable 
hemodynamics during the critical episodes and to 
help the surgeons perform the surgery at ease. At the 
same time an attempt is made to extubate the patients 
as early as possible. In order to find out what has been 
accomplished so far, the authors decided to review 
the past 18 months' experience with OPCAB and 
extubation time. 

MATERIAL AND METHOD 
The medical records of all OPCAB patients 

performed at the Bangkok Heart Institute from Jan 
1, 2001 through June 30, 2002 were retrospectively 
reviewed. These data were collected daily using the 
National Cardiac Surgery Database definition/vari­
ables and collecting forms and analyzed using SPSS 
software. Patients who had had tracheostomy done 
prior to the operation were excluded from this study. 
The total number of patients was 160. 

Definitions 
Early extubation is defined as extubation 

that occurred within 2 hours after operation. Failed 

early extubation is defined as extubation over 2 hours 
after operation or reintubation within 24 hours. 

Study parameters 
Pre-operative demographic, intra-operative 

data and post-operative outcome parameters are listed 
in Table 1. 

Statistical analysis 
Chi-square test was used to compare clini­

cal variables between patients with early extubation 
and patients with failed early extubation. All statis­
tical tests were two tailed, with statistical significance 
defined asp< 0.05. 

The influence of variables on early extuba­
tion was analyzed using the logistic regression for 
multivariate analysis. A p-value of less than 0.05 was 
considered significant. 

Anesthetic technique 
All patients received midazolam 7.5-15 mg 

orally 30 minutes prior to operation. On arrival in the 
operating room, patients were monitored using electro­
cardiography lead II and V, noninvasive blood pres­
sure, pulse oxymeter, end tidal carbondioxide, nasal/ 
rectal temperature, central venous pressure, pulmo­
nary arterial pressure, Wedge pressure, mean arterial 
pressure and nerve stimulator. All patients received 
the same anesthetic regimens: induction and mainte­
nance with intravenous midazolam at a total dose of 
5 mg and intravenous fentanyl at a total dose of 3-10 
meg/kg, paralyzed with intravenous rocuronium bro-
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mide 1-2 mg/kg and supplemented with sevoflurane. 
During operation, blood pressure was controlled with 
a titrate dose of phenylephrine and nitroglycerine. 
Heart rate was controlled with esmolol. 

Post-operative care 
During the post-operative period, all patients 

were admitted to the intensive care unit and put on 
Servo300 ventilatory support. Post-operative pain con­
trol regimens were intravenous fentanyl 50-100 meg 
every 1 hour and intravenous morphine 0.1 mg/kg 
every 2-3 hours. Evaluation of extubation was done by 
an anesthesiologist using standard criteria for wean­
ing and extubationO). After extubation, all patients 
were on a 100 per cent oxygen face mask and weaned 
to oxygen canular as tolerated. 

Criteria for weaning and extubation 
1. Hemodynamic stability 
2. Surgical hemostasis; chest tube drainage 

should be less than 1-2 ml/kg/h or less than 100 ml/h 
3. Adequate neurologic function 
4. No planned intervention 
5. Normothermia 
6. No acute changes shown on chest X-ray 
7. Satisfaction of the respiratory criteria 

• PaCo2.::;; 50 mmHg 
• Arterial pH of~ 7.32, unless the cause 

was clearly known and improvement expected. 
• Positive end expiratory pressure .::;; 5 em 

• Stable chest X-ray 
• Awake without residual neuromuscular 

blockade 

Respiratory criteria for extubation 
• Negative inspiratory force~ -20 em H20 
• Vital capacity (VC) ~ I 0 ml/kg 
• Resting minute ventilation of.::;; 10 L 
• Maximum voluntary ventilation~ 2 times 

resting level 
• Patient is comfortable breathing sponta­

neously with Continuous positive airway pressure 
(CPAP) of.::;; 5 em H20 with respiratory rate (RR) < 30/ 
mm 

RESULTS 
Evaluation of extubation time 

One hundred and fifty patients were included 
in this study. Patients who expired (n = 10) were 
excluded. Mean extubation time of the entire group 
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Table 1. List of pre-operative demographic, intra­
operative parameters and post-operative 
outcome parameters. 

Factors 

Old age(> 70 yrs) 
Gender (Female) 
Diabetes mellitus (DM) 
Hypertension (HT) 
Obesity (30% over ideal body weight) 
Renal insufficiency (CRF, Cr > 2) 
Chronic obstructive lung disease (COPD) 
Cerebrovascular accident (CV A) 
Smoking 
Dyslipidemia 
History of myocardial infarction (Ml) 
History of congestive heart failure (CHF) 
Unstable angina 
Left ventricular ejection fraction (L VEF) 
Left main disease (LM) 
Intra aortic balloon pump (IABP) 
Time between operating and closing 

(n = 150) was 1.82 hours. Of the 150 patients, 76 
(50.7%) were early extubated, with a mean extubation 
time of 1.11 hours. Patients that failed early extuba­
tion (n = 74) were categorized into 3 groups. Thirty 
patients (20%) were extubated within> 2-4 hours, 39 
(26%) in> 4-24 hours and 5 (3.3%) after> 24 hours 
(Table 2). There were 6 patients (4%) who needed to 
be reintubated within 24 hours, 1 (1.3%) in the early 
extubation group and 5 (6.8%) in the failed early 
extubation group. 

Predictors of failed early extubation 
Univariate analysis of all variables revealed 

old age, diabetes, myocardial infarction, congestive 
heart failure, poor LVEF and IABP used were pre­
dictors of failed early extubation (Table 3). Most of 
the patients presented with multiple risk factors, so 
multivariate analysis of significant variables was per­
formed using logistic regression. Three variables were 
significant including old age with adjusted odds ratio 
of 4.6 (95% CI = 1.5-13.7) p < 0.01, diabetes with 
adjusted odds ratio of 3.2 (95% CI = 1.3-7.5) p < 
0.01 and IABP used with an adjusted odds ratio of 4.3 
(95% CI = 1.3-14.6) p = 0.02. (Table 4) 

Comment 
Evaluation of extubation time 

The trend of early extubation has become 
more popular since the mid 90's(2). Particularly, 



Vol. 86 Suppl I OFF-PUMP CORONARY ARTERY BYPASS SURGERY S31 

Table 2. Evaluation of extubation time. 

Hours Frequency Valid% Mean SD 
(n) (h) 

0--2 h 76 50.7 1.!1 0.50 
>2-4 h 30 20.0 2.91 0.49 
>4-24 h 39 26.0 11.44 7.30 
>24 h 5 3.30 33.3 21.0 

Table 3. Univariate analysis of variables associated with failed 
early extubation. 

Factors Failed early extubation P-value 
N Total % 

Old age 
>70 25 33 75.8 <0.01 
s70 59 127 46.5 

Gender 
Male 62 126 49.2 0.08 
Female 22 34 64.7 

DM 
Yes 51 78 65.4 < O.oJ 
No 33 82 40.2 

HT 
Yes 53 96 55.2 0.22 
No 29 61 47.5 

Obesity 
Yes 5 8 62.5 0.42 
No 79 152 52.0 

CRF(Cr> 2) 
Yes 5 7 71.2 0.25 
No 76 149 51.0 

COPD 
Yes 10 15 66.7 0.16 
No 69 139 49.6 

CVA 
Yes 9 12 75.0 0.08 
No 70 141 49.6 

Smoking 
Yes 39 73 53.4 0.40 
No 40 80 50.0 

Dyslipidemia 
Yes 62 120 51.7 0.51 
No 17 34 50.0 

Ml, Hx of 
Yes 58 94 61.7 <0.01 
No 21 60 35.0 

CHF, Hxof 
Yes 32 44 72.7 <0.01 
No 47 110 42.7 

Unstable Angina 
Yes 49 89 55.1 0.15 
No 27 60 45.0 

LVEF 
>40% 35 85 41.2 <0.01 
s;40% 39 51 76.5 



S32 P. CUMPEERA VUT et aL J Med Assoc Thai May 2003 

Table 4. Multivariate analysis of variables associated with failed 
early extubation. 

Factors Failed early extubation P-value 
N Total % 

LM 
>50% 20 34 58.8 0.26 
s50% 64 126 50.8 

IABP 
Yes 30 36 83.3 <0.01 
No 54 124 43.5 

Skin to skin time 
> 4.30 h 22 34 64.7 0.06 
.s;4.30h 59 123 48.0 

Factors Adjusted OR (95% Cl) P-value 

Old age 4.6 (1.5. 13.7) <0.01 
Sex 1.5 (0.5, 4.2) 0.45 
OM 3.2 ( 1.3, 7 .5) <0.01 
MI 1.4 (0.6, 3.4) 0.48 
CHF 1.3 (0.4, 4.4) 0.63 
LVEF<40% 0.7 (0.2, 2.2) 0.49 
IABP 4.3 (1.3. 14.6) 0.02 

extubation after On-Pump surgery became routine 
after 2-6 h in many centers, using the same general 
criteria already well established(3-6). When Off­
pump surgery got off the ground, early extubation was 
also employed with success. The authors adopted this 
policy at the institution and started to use it from the 
very beginning of the Off-pump procedure. 

The present results demonstrated that more 
than 50 per cent of the OPCAB patients were extu­
bated within 2 hours. The large number of patients 
who could be extubated early in the present study can 
be attributed to several factors such as patient pre­
paration, anesthetic regimen, pain control technique, 
hemodynamic stability, and hemostasis, etc. 

The benefit of an anesthetic regimen of low 
dose narcotic base with short acting inhalation supple­
ment needed to be studied. This regimen provides 
cardiovascular stability, low incidence of awareness 
and rapid recovery(7-9). Rocuronium bromide, with 
rapid onset and intennediate duration provided opti­
mum time to recover from neuromuscular blockade 
without the need of reversal{4). Intravenous fentanyl 
was chosen for pain control to facilitate early reco­
very, adequate analgesia, and less respiratory depres­
sionOO). 

Post-operative hemodynamic stability and 
surgical hemostasis play crucial roles in extubation 
time. Many studies comparing on-pump coronary 
artery bypass graft vs OPCAB clearly revealed that 
OPCAB patients have less blood Joss during the post­
operative period(11-13). Thus this could allow even 
further early extubation and may have enhanced the 
present results. Keeping the patients at the nonnother­
mic level is important not only for rapid anesthetic 
excretion but for better cardiovascular stability and 
acid-base balance04, 15). 

The total reintubation rate in the present 
study was 4 per cent. Of these, only 1 patient ( 1.3%) 
was in the early extubation group and 5 (6.8%) were 
in the prolonged extubation group. This compares 
favorably with results from other studies and indicates 
that the authors used acceptable criteria for weaning 
and extubation{5,10). Moreover, observation, wean­
ing and decision making were carefully done by a 
cardiac anesthesiologist and cardiovascular and thora­
cic surgeons. 

Predictors of failed early extubation 
It is accepted that patients with advanced 

age who undergo general anesthesia need special care 
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while attempting early extubation because this group 
of patients tends to have a sensitive response to narco· 
tics and inhalation agents. Delayed drug excretion 
due to slow liver and renal clearance prolongs the 
intubation time(l6-18). The present results demon­
strated that old age is a predictor of failed early 
extubation both in univariate and multivariate ana­
lyses. 

Theoretically, well controlled diabetes does 
not affect the intubation time in general anesthesia. 
In the present study, however, it was a significant 
predictor in both univariate and multivariate analyses. 
Most diabetics have multiple and diffuse anatomical 
lesions, which make it difficult to accomplish the 
anastomosis and require longer lifting and manipu­
lation of the hearts. This could cause cardiovascular 
instability and prolong the operative time. In poorly 
controlled diabetes, peripheral and autonomic neuro­
pathy will further compromise the body heat control 
system causing hypothermia. In daily practice, the 
authors control blood sugar in all diabetics with 
insulin infusion and frequent blood sugar test. The 
treatment also induces a shift of potassium into the 
cells, which in tum lowers the threshold of dys­
rhythmia. The authors have observed that diabetic 
patients have a greater tendency to develop dysrhyth· 

mia during OPCAB than non-diabetics; however this 
has not been proved clinically. 

Most of the presented patients with IABP 
were intubated prior to operation or underwent emer­
gency/urgent operations. The authors did not use IABP 
routinely for patients with poor LVEF; and it was 
found that these patients tolerated the OPCAB pro­
cedure better than the bypass09). The authors seldom 
used IABP in the operating room but used it mainly 
after profound hemodynamics instability; these patients 
tended to have dysrhythmia and low cardiac output 
post-operatively and required longer intubations time. 

Previous studies revealed that female gender, 
COPD, morbid obesity, renal insufficiency, and CV A 
are predictors of failed early extubation06.20-23). 
The present results, however, did not support these 
findings. This could due to difference in the patients' 
demographics or the small number of patients in each 
subgroup. 

In short, early extubation with more than 50 
per cent of overall OPCAB cases were accomplished 
during the learning curve at Bangkok Heart Institute. 
Good pre-operative planning, intra-operative detail 
on the hemodynamics and metabolic changes and 
prompt correction have made early extubation feasible. 

(Received for publication on March 10, 2003) 
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