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ABSTRACT

Introduction: Fast track (FT) cardiac surgery and early extubation (EE) are aimed at safe and effective rapid post-op-
erative progression to discharge, and have been practiced for more than two decades. Their goal is to optimize patient
care perioperatively in order to decrease costs without negatively affecting morbidity and mortality. However, the fac-
tors that predict successful EE are poorly understood, and patients with significant co-morbidities are frequently ex-
cluded from protocols. We hypothesize that independent of disease severity, early extubation leads to shorter hospital
stays and can be performed safely without negatively affecting outcomes. Materials and Methods: We performed a
retrospective review of 919 patients who underwent coronary artery bypass grafting (CABG) at the Southern Arizona
Veteran’s Affairs Health Care System medical center over 7 years. We collected pre-operative data regarding patients’
NYHA classification, presence and severity of cerebral vascular disease, peripheral vascular disease, pulmonary disease,
diabetes and hypertension. Intra-operative variables were also recorded including ASA scores, ischemic times, and time
to extubation. Finally, post-operative variables such as rates of reintubation and tracheotomy, and both length of ICU
and total hospital stay were also compared. Results: Prolonged periods of ischemia were found to predict a delayed
extubation (HR = 0.992; ClI = 0.988 - 0.997, p = 0.0015) while small body surface area (HR = 1.57; Cl =1.13,2.17,p =
0.007) and higher pre-operative functional status of the patient, such as independent versus dependent status (HR =1.68;
Cl =1.30 - 2.16, p < 0.0001), or partially dependent to fully dependent status (HR = 1.33; CI =1.03 - 1.70, p = 0.03)
were found to be associated with earlier extubation. The early extubation (EE) group (those extubated in less than the
median 7.3 hours) had an average hospital stay of 5.1 + 4.0 days, versus 7.8 + 8.1 days in the delayed group (>4 hours),
p < 0.0001. The EE group also experienced shorter ICU stays by about 1 day (EE, 1.9 + 4.2 v. conventional, 3.8 £ 17.3,
p = 0.02). There were no differences in rates of tracheotomy or re-intubation between groups. Conclusions: In our
study population, pre-operative functional class and total body surface area predicted those patients able to tolerate early
extubation after cardiac surgery. Prolonged ischemia resulted in delayed extubation. Patients that were extubated in less
than 4 hours had shorter ICU and hospitalization stays, while there was no significant difference between the two
groups in rate of reintubation or tracheotomy.
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stays. In regards to cardiac surgery, approximately
500,000 coronary artery bypass graft (CABG) procedures
are performed annually in the United States at a substan-
tial cost to the healthcare system [1]. As a result the de-
velopment of fast track (FT) and early extubation (EE)
management protocols have been developed to provide
safe, effective and rapid post-operative progression to
discharge of post CABG patients [1]. This approach has
been practiced for more than two decades beginning back
in the 1990’s ,when “fast-track” protocols were devel-
oped and since associated with decreased lengths of stay
(LOS) without negatively affecting outcomes [2,3] and
potentially lowering rates of ventilator associated pneu-
monia [4].

Despite these benefits, the key factors associated with
successful EE and FT post-operative management are
poorly understood. Consequently, it is unclear if patients
with significant comorbidities should be excluded from
EE. The purpose of this paper is to review and evaluate
the safety and efficacy of early extubation in patients un-
dergoing coronary artery bypass grafting in terms of their
preoperative disease severity.

2. Materials and Methods

Institutional Review Board approval was obtained prior
to the study. We performed a retrospective chart review
of all patients who underwent an isolated coronary artery
bypass grafting (CABG) at the Southern Arizona Vet-
eran’s Affairs Health Care System medical center over 7
years. All patients undergoing additional valve replace-
ment at the time of surgery were excluded from analysis.
We collected demographic data including age, gender,
height, weight, and body surface area. The patient’s pre-
operative condition and disease severity was documented
based on the following variables: cerebral vascular dis-
ease, NYHA classification, presence of pulmonary dis-
ease, diabetes, hypertension and degree of peripheral vas-
cular disease.

Data collected regarding the intra-operative course in-
cluded: ASA scores, ischemic times, number of grafts
implanted and time to extubation. Extubation times were
noted and calculated from the time patient left the oper-
ating room to time of endotracheal tube (ET) removal.
Additional data regarding re-intubation rates, require-
ment of tracheotomy, and length of ICU and total hospi-
tal stay were also recorded.

Additionally, a Charlson co-morbidity index, a previ-
ously validated scoring system aimed at predicting the
ten-year mortality of patients with chronic illnesses and
co-morbid conditions including heart disease [5,6] was
calculated for each patient.

Patient demographics were calculated using means and
standard errors. Statistically significant changes in length
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of intubation over time were detected via a one-way
ANOVA. A Cox proportional hazards model which is a
statistical technique for exploring the relationship be-
tween the survival of a patient and several explanatory
variables was used to identify variables that predicted
longer intubation times [7]. Finally, comparison between
early extubation groups and delayed groups was per-
formed using Fisher’s exact test for discrete variables
and by two tailed t-test with unequal variances for con-
tinuous variables. The significance threshold for all tests
was defined as < 0.05.

3. Results

A total of 919 patient records met the study inclusion
criteria. Table 1 shows patient demographics. The mean
patient age was 64.9 = 8.6 years. Over 98% were male
and had a mean weight of 198.6 + 38.8 Ibs. Comorbid-
ities were common in the cohort; 96.6% of the patients
were ASA class 4, and 37.7% had been diagnosed with
chronic obstructive pulmonary disease and 34.6% with
diabetes. Additionally 21.6% had a history of smoking
and 47.5% had a history of prior myocardial infarction.

Table 1. Demographics of study cohort (N = 919). The mean
age was 64.9 £ 8.6, majority of patients were males. The
mean weight was 198.6 + 38.8 Ibs. 21.6% were current smok-
ers; there were 37.7% with a diagnosis of chronic obstruc-
tive pulmonary disease (COPD) prior to surgery. 47.5%
had a prior myocardial infarction (MI). 34.6% had diabe-
tes.

Category Mean + SD (%)
Age 64.9 +8.6
Male 98.2%

Weight (Ibs.) 198.6 + 38.8
Current Smoker 198 (21.5)
COPD 346 (37.7)
Diabetes
No 601 (65.4)
Type | 159 (17.3)
Type Il 159 (17.3)
Prior Ml
No 482 (52.5)
Yes 437 (47.5)
Stroke 8(0.9)
ASA
1-2 2(0.2)
3 29 (3.2)
4 888 (96.6)
PVD 205 (22.3)
Any Complication 90 (9.8)
Priority
1 692 (75.3)
2 167 (18.2)
3 60 (6.5)
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To better understand the severity of patient comorbid-
ity and their long-term mortality risk, we calculated the
mean Charlson score for the patients included in the
study by year of surgery. The results of these calculations
are given in Table 2. Overall, the mean Charlson score
was 5.99 £ 2.54. Additionally, over time there was a sta-
tistically significant trend toward decreasing Charlson
score as determined by one-way ANOVA (p < 0.0001).

A log-rank test was performed for time to extubation
by year of surgery. The p-value for both overall and trend
log-rank tests for surgical years was <0.0001, indicating
that there were significant differences in time to extuba-
tion between surgical years. As shown in Figure 1, it is
possible to see a clear decrease in extubation time over
the study period. This trend coincides becomes most ap-
parent around 2004, where we see a distinct transition
from a linear decrease in Extubation-free probability over
time to a high probability of extubation within 7 hours of
surgery. This coincides with a decisive change in man-
agement at our institution, to move to more rapid extuba-
tion in our patients following coronary artery bypass
graft procedures.

The median time to extubation for all records was less
than 7.3. We then divided the records into two groups,
the EE group (extubated in less than 7.3 hours) and the

Table 2. Mean Charlson score by surgical year. The overall
score calculated for this population was 5.99 + 2.54. The
overall trend appears to be a decreasing Charlson score
over time. Based on one-way ANOVA, the p-value for sur-
gical year is <0.0001 indicating that the mean Charlson
score significantly varies by surgical year. According to
Turkey’s HSD post hoc test, 1995 > (1998, 1999, 2000, 2005,
2006, 2007); 1996 and 1997 > (1998, 1999, 2000, 2001, 2002,
2004, 2005, 2006, 2007).

Year N Mean SD Range
1995 36 7.22 221 4-12
1996 180 7.08 2.09 3-13
1997 157 7.03 2.54 1-14
1998 130 5.58 2.77 0-14
1999 115 5.30 2.64 0-12
2000 116 551 2.38 1-11
2001 178 5.87 2.62 1-12
2002 152 5.80 2.31 0-12
2003 135 6.16 2.54 1-13
2004 125 5.94 2.55 1-15
2005 135 5.19 2.30 1-11
2006 142 5.66 2.50 1-14
2007 37 5.27 2.63 1-13
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Extubation-free Probability

Extubation time (hours)

Figure 1. Kaplan-Meier curves for time to extubation by
surgical year showing the extubation free probability on the
Y axis and time to extubation on the X axis. Each curve
represents a single surgical year, with a trend toward
shorter extubation times over time. This was a statistically
significant difference in time to extubation by surgical year
as indicated with a log rank p-value of <0.0001.

conventional group (extubated in more than 7.3 hours).
Comparing the two groups we found statistically signifi-
cant differences in length of ICU and total hospital stay.
The early extubation group had an average hospital stay
of 5.10 + 4.03 days, versus 7.78 = 8.14 days in the de-
layed group (two tailed t-test, p < 0.0001). The early ex-
tubation group also had shorter ICU stays than the de-
layed extubation group by about 1 day (1.92 £ 4.17 vs.
3.80 £17.29, p = 0.02). Notably, there was no significant
difference in the tracheotomy rates between the two
groups nor was there any difference in the frequency of
re-intubation.

Table 3 shows the results of the Cox proportional haz-
ard model adjusted for age and gender to determine the
variables that were predictive of time to extubation. These
results show that longer ischemic times predicted delayed
extubation (HR = 0.992; CI = 0.988-0.997, p = 0.0015).
Additionally, lower body surface area (HR = 1.57; CI =
1.13, 2.17, p = 0.007) and more independent patient
functional status prior to surgery, classified as independ-
ent versus fully dependent (HR = 1.68; CI = 1.30 - 2.16,
p < 0.0001), or partially dependent versus fully depend-
ent (HR =1.33; Cl = 1.03 - 1.70, p = 0.03) were associ-
ated with earlier extubation times.

4. Discussion

Our study’s main purpose was to review the safety and
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Table 3. Stratified (surgical year as strata) Cox proportional hazards model for risk of extubation adjusting for age and gen-
der. Ischemic times (HR = 0.992; CI = 0.988 - 0.997, p = 0.0015) were found to predict a delayed extubation. While body sur-
face area (HR = 1.57; CI1 =1.13, 2.17, p = 0.007) and the functional status of the patient, classified as independent versus fully
dependent status (HR = 1.68; CI = 1.30 - 2.16, p < 0.0001), or partially dependent to dependent status (HR = 1.33; CI =1.03 -
1.70, p = 0.03), were independent variables associated with earlier extubation times. Ischemic Time, ISCT; Functional Status,
FST, 1 = independent, 2 = partially independent, 3 = fully dependent; Body Surface Area, BSA.

Variable Hazard ratio 95% CI p-value
CABG vessels p-value = 0.0861

1vs.5 1.63 (0.87, 3.06) 0.1290

2vs.5 1.79 (1.00, 3.19) 0.0484

3vs.5 1.59 (0.90, 2.82) 0.1122

4vs. 5 1.36 (0.75, 2.48) 0.3107

ISCT 0.992 (0.988, 0.997) 0.0015
ASA p-value = 0.5036

1vs.4 1.60 (0.39, 6.49) 0.5125

3vs. 4 121 (0.83,1.76) 0.3249

COPD 0.91 (0.79, 1.04) 0.1565

Current Smoker 0.92 (0.78, 1.09) 0.3600
FST p-value < 0.0001

1vs. 3 1.68 (1.30, 2.16) <0.0001

2vs. 3 1.33 (1.03,1.70) 0.0276

BSA 1.57 (1.13,2.17) 0.0067

Ethnicity (Latino vs. others) 0.65 (0.32,1.29) 0.2169

Race (white vs. others) 0.71 (0.40, 1.29) 0.2631

Table 4. Frequency of clinical outcome in groups with extubation less than the median of 7.3 hours compared to a group of

patients with extubation times greater than 7.3 hours.

Extubation < 7.33" (N = 456) Extubation > 7.33 (463) p-value’
Tracheotomy 1/456 (0.2%) 0/460 (0.0%) 0.50
Ventilation > 48 h 4/456 (0.9%) 221463 (4.8%) <0.001
Reintubation 3/279 (1.1%) 0/57 (0.0%) 1.000
Total Stay in days (mean + SD) 5.10 £ 4.03 7.78+8.14 <0.0001
ICU Stay in days (mean + SD) 1.92+4.17 3.80+£17.29 <0.05

“p-value for categorical variables derived from a Fisher’s exact test; for continuous variables derived from a two tailed t-test with unequal variances.

efficacy of early extubation in the post-operative man-
agement of CABG patients in the Southern Arizona Vet-
eran’s Affairs Health Care System over a seven-year pe-
riod. We compared ICU and total hospital length of stay,
as well as complication rates in extubation early patients
(<7.3 h) or in those extubated later (>7.3 h) (Table 4).
The main principle underlying the fast track protocols
pioneered in the 1990’s is that rapid post-operative pro-
gression can reduce length of stay and cost [8-10], with-
out negatively affecting morbidity and mortality [11-14].

Further, the protocol offers potential benefits to pa-
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tients including a quick return to normal activity, de-
creased rates of ventilator associated pneumonia [4],
other hospital associated infection such as surgical site
infection, urinary tract, and central line-associated blood-
stream infections [15,16], and complications of immobil-
ity like deep venous thrombosis and pulmonary embo-
lism.

We found that early extubation was associated with a
shorter ICU and total hospital stay, without differences in
rates of tracheotomy or reintubation. These findings sug-
gest that in our patient demographic, fast track post-op-
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erative management is both safe and effective. Similar
findings have been previously reported in the literature
[11-14], including a recent Cochrane Review, were a
meta-analysis of six clinical trials including 871 total
cases found no differences in intensive care mortality,
30-day mortality, or rates of reintubation in individuals
extubated less than 8hours compared to those undergoing
conventional management [17]. In confirming the safety
and efficacy of fast track post operative management
with early extubation, our data show that at our institu-
tion a concerted change in management can reproducibly
yield high quality low cost outcomes and confirm the po-
sitive improvement in patient care.

While reintubation rates were not clearly affected by
extubation time, patients who remained on the ventilator
longer than the median extubation time were often venti-
lated for extended periods, defined here as greater than
48 hours. These individuals experienced a particularly
complicated post-operative course, and may represent a
subpopulation that is not appropriate for early extubation.
Further factors identified as predictive of longer extuba-
tion times included longer ischemic times, higher body
surface area and more dependent functional status. The
association with body surface area is likely related to the
reported risk of failure of early extubation in obese pa-
tients [18,19]. This suggests that these factors may be im-
portant in determining patient appropriateness for early
extubation.

Of note, in our study neither the number of involved
coronary arteries, the incidence of general preoperative
comorbidity, nor respiratory pathology specifically chronic
obstructive pulmonary disease (COPD), had a demon-
strable effect on time to extubation or length of stay. This
indicates that in these patients neither multi-vessel coro-
nary artery disease, nor a history of respiratory or other
systemic illness is a contraindication to early extubation
and fast track post-operative management. However, al-
ternative studies have reported a significant association
between number of diseased arteries, ejection fraction
and EuroSCORE, a severity index for cardiovascular dis-
ease, and successful early extubation following CABG
procedure [20]. Together, these suggest that no specific
illness or co-morbidity is a complete contraindication for
fast-track post-operative management, but rather that an
aggregate assessment of functional status is more mean-
ingfully predictive of time to extubation.

Additionally, our study identified several notable time
trends. First, there was a significant decrease in the mean
Charlson index over time. There was also a trend toward
decreasing times to extubation based on surgical year.
These findings likely represent changes in management
of coronary artery disease, as patients are undergoing
CABG procedures earlier, with less comorbidity [21]. Si-
milarly, the decrease in extubation times likely reflects
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the general acceptance of early extubation management.
At our institution, this has resulted from a multi-factorial
effort to shorten our extubation times through enhance-
ments in preoperative teaching, anesthetic care, nursing
coordination and surgeon involvement. We believe that
this approach is preferable, as early extubation can lead
to early mobilization, decreased risk of nosocomial in-
fection, sternal wound-healing complication and other
morbidity.

There are notable limitations to the study. First, 98%
of the patients were male. While this accurately reflects
the demographics of the treatment population at a VA
hospital, the results may not apply to female patients. In
comparison we refer to Guller et al. performing a large
study of early extubation consisting of 6446 patients in
which 35.3% were female. The researchers found the
overall mean post-CABG intubation time was 9.8 (SD
5.7) hours (median, 8.5 hours; 25th percentile, 5.6 hours;
75th percentile, 13.5 hours). Twenty-nine percent of pa-
tients overall were extubated within 6 hours after CABG
surgery; 40.6% were extubated within6 to 12 hours and
30.4% were extubated between 12 and 24 hours. Shorter
post-CABG extubation times were significantly associ-
ated with better patient outcomes.

The authors concluded similarly to our study that early
extubation is associated with significantly shorter post-
operative length of stay without increased mortality or
frequency of reintubation. The authors also found early
extubation to be safe in the overall patientpopulation as
well as in the subsets of patients below and above 75
years of age, in male versus female patients, and in pa-
tients with and without major comorbidities [22].

Additionally, as a retrospective review it most directly
identifies patient variables currently associated with cli-
nical decisions about post-operative management. It does
not provide direct comparative information about mor-
bidity and mortality in patients prospectively assigned to
either early extubation or conventional management.
However, a randomized trial with 100 eligible patients by
Silbert et al. showed that early extubation did not lead to
higher rates of re-intubation [17]. Similarly, Cheng et al.
prospectively followed 120 patients undergoing coronary
artery bypass grafting, and also found no correlation be-
tween early extubation and reintubation rates [11]. Toge-
ther with our data, this suggests that for the vast majority
of patients fast-track management with early extubation
may be associated with shorter ICU and total hospital
stays and reduced costs, regardless of Charlson index or
other comorbidity.

5. Conclusion

In summary, our data was consistent with the current
literature indicating that fast track cardiac surgery is a
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safe and viable protocol that improves both patient care
and resource utilization. Additionally, we were able to
identify independent predictors of early extubation, in-
cluding decreased ischemic times, lower body surface
area and more independent functional status. This infor-
mation may be used to guide patient management and
allow us to develop a treatment algorithm that will stan-
dardize care and allow early extubation to be standard
management for the majority patients, regardless of other
significant comorbidities.
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