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Abstract

Background: Fast track protocol has been proven to be cost effective and allows optimal utilization of healthcare services.
Careful patient selection is crucial to its success. We aim to identify factors leading to fast track failure in our institution so
as to improve patient selection.

Method: We non-selectively enrolled all patients post cardiac surgery that was admitted to PACU in 2015 for Fast-Track
protocol.

Results: Through our observational study, we found that older patients, patients with pre-existing renal impairment, at
least moderate inotropic requirement on arrival to PACU and total cardiopulmonary bypass time are significant predictors
of fast track failure.

Conclusions: As a result, we proposed a more robust Fast-Track model starting from pre-operative patient selection to
intraoperative decision before subjecting patients through Fast-Track protocol in order to improve the outcome.
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Introduction The Department of Cardiothoracic Surgery, Nation-
al Heart Centre Singapore has a dedicated PACU for
patients post cardiac surgery after moving in to a new
building by the end of year 2014. Along with the estab-
lishment of a dedicated cardiac PACU, we developed our
own Fast-Track protocol with the intention of extubat-
ing patients early and therefore bypassing ICU after suc-
cessful extubation.

Fast-track protocol in selected population is widely
recognized as the standard of care by providing patients
the benefit of early extubation. It is also proven to be
more cost effective and allows optimized utilization of
healthcare facility [1-3]. Fast-track protocol in cardiac
surgery is gaining popularity after several studies showed
that there was no difference in mortality and morbidity
between Fast-Track anaesthesia and conventional anaes-
thesia [3]. *Corresponding author: YC Tham, Resident, Department

of Cardiothoracic Surgery, NHCS, 5 Hospital Drive, 169609
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After one hour of arrival to PACU, if the total chest drain output <50 mls/hour, is the patient?

. Hemodynamically stable

. Temperature > 36.0 °C

. Urine output > 0.5 ml/kg/hour

. Satisfactory post-operative chest radiograph
. Adequate neurology

. No presence of arrhythmia

. Minimal to nil inotropic support

. Arterial blood gas within normal range

. Ensure adequate pain relief

. Achieved spontaneous respiration

YES NO

and fraction of inspired oxygen of < 0.4
2. Repeat ABG still within satisfactory range

3. Extubate within 30 minutes

1. Ventilator wean to continuous positive airway | 1.
pressure mode with pressure support 10 cm H,O, | 2.

positive end-expiratory pressure of 5 cm H,O

Reassess on hourly basis

Check with surgeon/anaesthetist

Figure 1: Fast-track protocol.

The objective of this study was to identify risk factors
for Fast-Track protocol failure so as to improve on our
current Fast-Track protocol for patients undergoing car-
diac surgery. We hope to eventually devise a robust Fast-
Track protocol that will allow patients the benefit of early
extubation and provide the hospital with an improved
utilization of facility and manpower.

Methods

All post cardiac surgery patients in the year 2015 that
were admitted to PACU were enrolled into the study
non-selectively. Patients were excluded if the team in-
charge declined to follow the Fast-Track protocol or if
the patients were lodging in PACU while waiting for
ICU bed availability.

The PACU operation hours were 7 am till 10 pm,
daily from Monday to Friday. There was one doctor sta-
tioned in PACU every day with a doctor-to-patient ratio
of 1:5 and a nurse-to-patient ratio of 3:2. There were a
total of 5 PACU beds.

The Fast-Track protocol is as shown in Figure 1. Once
selected, nurses and doctors adhered to Fast-Track pro-
tocol and were required to fill up an audit form for each
patient admitted to PACU. Information on patient de-
mographics such as age, weight, height, body mass index
(BMI) and past medical history was collected. Surgical
details such as the type of surgery, aortic cross clamp
time and total bypass time were also recorded. Euro-
SCORE ITI™was calculated based on the online calcula-

tor provided by the EuroSCORE Study Group 2011.

Reasons for Fast-Track failure were then filled up by
doctor-in-charge. After successful extubation, patients
will be monitored for an additional hour before being
transferred to Intermediate Care Area (ICA, a step-down
unit) or ICU, if instructed by primary surgeon for further
monitoring. Success of Fast-Track protocol was defined
as successful extubation within PACU operating hours.

Data are shown throughout the article as median and
interquartile range. Univariate logistic regression anal-
ysis using variables identified as risk factors for Fast-
Track protocol failure was performed. A multivariate
logistic regression analysis using the significant variables
identified from univariate analysis was then performed
to identify independent risk factors for failure of Fast-
Track protocol. Analysis was performed using statistical
analysis software SPSS version 23.0 for Windows.

Results

In the year 2015, there were a total of 279 patients
admitted to PACU post cardiac surgery. 68.5% of the
total study population was able to be extubated with-
in PACU operating hours. Within the successful extu-
bation group, we further classified them into two sub-
groups: Those able to be extubated within 240 minutes
and those requiring more than 240 minutes to be suc-
cessfully extubated. 31.5% patients failed to be extubated
within PACU operating hours, requiring transfer to ICU
for further monitoring. This is shown in Table 1.
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Table 1: Showing success and failure to extubate in PACU post cardiac surgery.

Success group

Failure group

Time taken to be extubated in PACU

<240 mins
N =279 121
Percentage within success group 63.4
Overall percentage 43.4

Median duration (mins) 205.0 (185.0, 220.0)

> 240 mins

70 88
36.6

251 31.5

260.0 (277.5, 311.3)

PACU: Post Anaesthesia Care Unit.

Age (years)
Gender

Male

Female

BMI (kg/m?)
LVEF

= 40%

<40%

COPD

Renal impairment
History of stroke
DM

Types of surgery
Isolated CABG
Isolated valve
Others
EuroScore I
Inotropes

Low

Moderate

High

Table 2: Preoperative and intraoperative patient demographics.

Success group
< 240 mins
(n=121)

56.0 (49.0, 62.5)

92 (76.0%)
29 (24.0%)
24.8 (22.3, 27.4)

100 (90.9%)
11 (9.1%)

2 (1.7%)

3 (2.5%)

8 (6.6%)

31 (25.6%)

74 (61.2%)
25 (20.7%)
22 (18.2%)
0.73 (0.57, 1.07)

101 (83.5%)
16 (13.2%)
4 (3.3%)

Cross-clamp time (mins)
Lowest core temp (°C)
CPB time (mins)

51.0 (37.5, 66.0)
32.6 (31.5, 33.2)
94.0 (67.0, 115.0)

32.2 (30.9, 33.2)
86 (72.0, 108.8)

Failure All p-value

> 240 mins

(n=70) (n=288) (n=279)

59.5 (53.8,66.3) 65.0(57.0, 70.8) 60.0 (53.0, 67.0) < 0.001
0.2

51 (72.9%) 74 (84.1%) 217 (77.8%)

19 (27.1%) 14 (15.9%) 62 (22.2%)

24.8 (23.3,27.8) |25.2(22.0, 28.5) 24.9 (22.3, 27.6) 0.47
0.674

66 (94.3%) 80 (90.9%) 256 (91.8%)

4 (5.7%) 8 (9.1%) 23 (8.2%)

3(3.4%) 5(1.8%) 0.273

7 (10.0%) 16 (18.2%) 26 (9.3%) 0.001

2 (2.9%) 3 (3.4%) 13 (4.7%) 0.395

18 (25.7%) 29 (33.0%) 78 (28.0%) 0.451
0.187

42 (60.0%) 61 (69.3%) 177 (63.4%)

20 (28.6%) 20 (22.7%) 65 (23.3%)

8 (11.4%) 7 (8.0%) 37 (13.3%)

0.77 (0.62, 1.23) |0.97 (0.71, 1.56) 0.79 (0.61, 1.28) 0.002
0.01

55 (78.6%) 55 (62.5%) 211 (75.6%)

10 (14.3%) 25 (28.4%) 51 (18.3%)

5(7.1%) 8 (9.1%) 17 (6.1%)

50.0 (40.0,64.8) 58.5(44.8,73.0) 52.0 (41.0, 67.0) 0.023

32.2(30.7, 33.1)
104.5 (86.8, 120.3)

32.3(31.1,332) 027
94.0 (75.0, 116.0)  0.001

BMI: Body Mass Index; LVEF: Left ventricular ejection fraction; COPD: Chronic obstructive pulmonary disease; DM: Diabetes
mellitus; CABG: Coronary artery bypass grafting; CPB: Cardiopulmonary bypass.

The patient demographic data was as shown in Table
2. Preexisting renal impairment was defined as creati-
nine clearance of less than 60 mls/min. Types of surgery
shown was divided into three groups: Isolated coronary
artery bypass grafting (CABG), isolated valvular surgery
and others. Isolated valvular surgery included all surger-
ies involving single or multiple valves replacement or
repair; while others surgery group involved all other car-
diac surgeries comprising combined valve and CABG,
atrial septal defect closure and pulmonary homograft re-
placement. Inotropic requirement was divided into three
groups: Low (single inotrope of less than 0.05 mcg/kg/
hour), moderate (double inotropes which each inotrope

was less than 0.05 mcg/kg/hour) and high (any inotro-
pe equal or more than 0.05 mcg/kg/hour). The inotropic
requirement was charted as the inotropic requirement
upon arrival to PACU. Cross-clamp time and cardiopul-
monary bypass time were defined as the cumulative time
required in a single surgery.

After performing univariate analysis for the predic-
tion of Fast-track protocol failure, it revealed age, pre-ex-
isting renal impairment, EuroSCORE II™, low and mod-
erate inotropic requirement, aortic cross-clamp time and
total cardiopulmonary bypass time as significant predic-
tors (Table 3). In the multivariate analysis, older age (HR
1.054 (1.022 - 1.087), p = 0.01), pre-existing renal im-
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Table 3: Univariable predictors of Fast Track Protocol Failure.
All Cases (n = 279)

Hazard ratio p-value
Age (years) 1.068 (1.038, 1.098) < 0.001
Gender
Male
Female 0.564 (0.292, 1.089) 0.088
BMI (kg/m?) 1.021 (0.959, 1.088) 0.506
LVEF
> 40% (ref)
<40% 1.173 (0.478, 2.880) 0.727
COPD 3.335 (0.547, 20.33) 0.191
Renal impairment 4.000 (1.734, 9.229) 0.001
CVA 0.639 (0.171, 2.381) 0.504
DM 1.424 (0.821, 2.470) 0.208
EuroScore I 1.732 (1.230, 2.438) 0.002
Inotropes
Low (ref) 0.003
Moderate 2.727 (1.454,5.117) 0.002
High 2.521 (0.927, 6.858) 0.070
Cross-clamp time (mins) 1.014 (1.003, 1.024) 0.009
Lowest core temp (°C) 0.906 (0.782, 1.050) 0.191
CPB time (mins) 1.015 (1.006, 1.023) < 0.001

BMI: Body Mass Index; LVEF: Left ventricular ejection fraction;
COPD: Chronic obstructive pulmonary disease; CVA: Cerebro-
vascular accident; DM: Diabetes mellitus; CPB: Cardiopulmo-
nary bypass.

Table 4: Multivariable predictors of Fast Track Protocol Failure.

All Cases (n = 279)

Hazard ratio p-value

Age (years) 1.054 (1.022, 1.087) 0.001
Renal impairment 2.786 (1.047,7.414) 0.040
EuroScore Il 1.188 (0.806, 1.751) 0.383
Inotropes

Low (ref) 0.119
Moderate 2.040 (1.026, 4.054) 0.042
High 1.411 (0.460, 4.520) 0.531
Cross-clamp time (mins) 0.991 (0.970, 1.013) 0.427
CPB time (mins) 1.019 (1.002, 1.036) 0.024

CPB: Cardiopulmonary bypass.

pairment (HR 2.786 (1.047 - 7.414), p = 0.04), and total
cardiopulmonary bypass time (HR 1.019 (1.002 - 1.036),
p = 0.024) were associated with significantly increased
Fast-Track protocol failure (Table 4).

Discussion

The Fast-Track protocol that we initially devised fol-
lowed a simple flowchart and with the intention of extu-
bating patients early in PACU. It was adopted from our
own past experience in managing patients post cardiac
surgery. We acknowledged that a successful Fast-Track
protocol need to be safe for patients, able to achieve
targeted extubation within PACU operating hours and
most importantly reproducible [5,6].

This study recruited patients based on surgeon and
anesthetists’ decision to enroll them for Fast track anaes-
thesia. After introduction of this new pathway, we ob-
served a trend towards certain group of patients. There
was a lack of patients with depressed left ventricular ejec-
tion fraction (LVEF), pre-existing renal impairment and
chronic obstructive pulmonary disease (COPD). This
may be contributed by selection bias from the surgical
team as these patients are more likely to have post-op-
erative complications like acute kidney injury requiring
dialysis, failure of early extubation due to pre-existing
lung disease and need for prolonged inotropic support.

Patients successfully extubated were expected to be
transferred to ICA. ICA in our institution is equivalent
to High Dependency Unit but with the ability to perform
invasive pressure line monitoring. However, our ICA
was not able to support patients requiring inotropes.
If patients failed to be extubated or remained hemody-
namically supported by inotropes despite successful ex-
tubation, they would be transferred to ICU for further
monitoring. This may account for the fact that patients
recruited for Fast Track protocol consists mainly of pa-
tients with preserved or mildly impaired EF.

Even though patients selected for the Fast Track pro-
tocol tend to have preserved or mildly impaired EF, only
68.5% patients were successfully extubated within PACU
operating hours. After performing multivariate analysis
on all significant risk factors identified from univariate
analysis, age, pre-existing renal impairment, inotropes
requirement and total cardiopulmonary bypass time
were independent risk factors for our Fast-Track proto-
col failure. The result was consistent with several pub-
lished studies of Fast-Track anaesthesia [7,8].

A successful Fast-Track protocol allows patients to
bypass ICU after cardiac surgery which may translate
to a reduction of healthcare cost [9-12]. However, a
failure of it may add to the cost instead as they would
then be subjected to additional ICU admission on top
of PACU admission. Following this study, we would like
to propose an addition of patient selection criteria into
Fast-Track protocol. The protocol success rate could be
improved by excluding patients older than 65-years old,
having pre-existing renal impairment, requiring at least
moderate inotropic support and total cardiopulmonary
bypass time of more than 100 minutes. To further im-
prove the success of the protocol, it would be ideal to
pre-operatively identifying such patients and prioritizing
them through the operating theatre management. In ad-
dition, changing PACU operating time from 7 am-10 pm
to 9 am-12 midnight may allow more patients to benefit
from this Fast-Track protocol. This led us to propose a
new Fast-Track Model as shown in Figure 2.
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Preselected patients
D [ntraoerative selection
Age < 65 years old

Normal kidney

fuction -
C . minutes
Prioritized via OT

management

Cardiopulmonary
bypass time < 100

Nil to moderate
inotropic support

Fast-track protocol
(Figure 1)

Figure 2: Proposed new Fast-track model.

This observational study is still an ongoing study in
our institution. Continuous audit and reevaluation of
practice are vital to improving patient care. A follow-up
study is necessary to demonstrate the safety of this pro-
tocol and how it influences the utilization of healthcare
facility, in particular ICU beds and its cost effectiveness.

Conclusion

Careful patient selection for fast track extubation is
crucial to its success. Through our observational study,
we found that older patients, patients with pre-existing
renal impairment, at least moderate inotropic require-
ment on arrival to PACU and total cardiopulmonary
bypass time are significant predictors of fast track fail-
ure. Further studies after the implementation of this new
selection criteria will help demonstrate the safety of this
protocol [13].
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