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Abstract 

Objective:  Fast-track cardiac anesthesia (FTCA) is a technique that may improve patient access to surgery and maxi‑
mize workforce utilization. However, feasibility and factors impacting FTCA implementation remain poorly explored 
both locally and internationally. We describe the specific intraoperative and postoperative protocols for our FTCA 
program, assess protocol compliance and identify reasons for FTCA failure.

Results:  We tested the program in 16 patients undergoing elective cardiac surgery requiring cardiopulmonary 
bypass. There was 100% compliance with the FTCA protocols. Four (25%) patients successfully completed the FTCA 
protocol (extubated < 4 h postoperatively and discharged from the intensive care unit on the same operative day).
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Introduction
Cardiovascular disease is common, accounting for almost 
14% of the total burden of disease in Australia, result-
ing in a significant consumption of healthcare resources 
and estimated 8.9% ($10.4 billion AUD) of total dis-
ease expenditure per annum [1]. Over 12,000 Austral-
ians receive cardiothoracic surgery each year. Whilst the 
reported median waiting times for cardiothoracic sur-
gery have increased from 16 days in 2013/4 to 19 days in 
2017/8, the median waiting times for Indigenous Austral-
ian undergoing elective cardiac artery bypass surgery is 
11 days [2]. The demand for cardiac surgery is predicted 
to increase in future, necessitating improved utilization 
of healthcare resources [3].

Fast-track cardiac anesthesia (FTCA) offers an alter-
native to standard cardiac surgical care, with improved 
efficiencies that do not compromise safety or clinical 

outcomes [4]. FTCA has gained increased interest in 
response to resource constraints and increasing demand 
[5]. Further, FTCA offers both a clinical and health-
administrative paradigm shift in the way care is delivered 
to cardiac surgery patients, offering shorter ventilation 
times, shorter intensive care unit (ICU) length of stay and 
associated cost savings [6].

Evidence from a major review into FTCA demon-
strated no difference in adverse events between patients 
receiving FTCA and standard care [4]. Our organization 
provides care to an increasing number of cardiac surgi-
cal patients, with an increasing demand for intensive-
care admissions annually. The development of an FTCA 
protocol offers a potential solution to this problem. As a 
result, our organization aimed to implement a dedicated 
intraoperative and postoperative FTCA protocol. The 
primary aim was to determine if our FTCA program was 
feasible.
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Main text
Materials and methods
Our organization is a major tertiary hospital within Mel-
bourne, Australia. The organization provides transplant, 
cardiothoracic and neurosurgical sub-specialty elective 
and emergency surgery. It offers a capacity of 400 acute 
in-patient beds and a 30-bed ICU. At the time of this 
study, our service provided 543 cardiac surgeries annu-
ally, of which 401 were elective, primary bypass or valve 
operations.

In accordance with international quality improve-
ment standards, we implemented a plan-do-study-act 
(PDSA) quality improvement process for our cardiac 
surgical patients [7]. We assembled a multi-disciplinary 
expert working group, who met weekly for a 3-month 
period to strategize, execute and evaluate a FTCA pro-
gram. The specialist working group consisted of cardiac 
surgeons, anesthesiologists, intensivists, anesthetic nurs-
ing staff, intensive care nursing staff and hospital admin-
istrators. The working group subsequently agreed on an 
operational definition of FTCA being extubation within 
4  h postoperatively and successful patient discharge to 
the ward from ICU within 24  h postoperatively [8]. We 
received organizational support from the hospital execu-
tive to implement the FTCA program, and organizational 
funding to facilitate treatment for one FTCA patient per 
week for a 16-week period. We then completed this qual-
ity improvement project to investigate the feasibility of 
the FTCA program.

Our working group developed a defined perioperative 
protocol for the intraoperative anesthetic management of 
each FTCA patient in order to standardize the anesthetic 
care, enhance clinician familiarity, and promote early-
extubation. Compared to standard care, the anesthetic 
protocol focused on minimizing the use of sedating 
pre-medications, encouraging the use of shorter acting 
intraoperative opiates and adherence to a standardized 
postoperative care pathway (Table 1).

We also developed a dedicated postoperative protocol 
(Fig.  1) specifically to standardize the decision to allow 
the patient to emerge from general anesthesia imme-
diately after surgery and remove the endotracheal tube. 
Assessable metrics were selected through multi-discipli-
nary collaboration between anesthesiologists, intensivists 
and cardiac surgeons, and included assessment of post-
operative bleeding, stability of hemodynamic parameters, 
vasopressor requirement and adequacy of gas-exchange. 
If these criteria were met, sedation was weaned and 
pressure support ventilation was attempted. If weaning 
was successful and the patient was conscious and co-
operative, each FTCA patient was extubated within 4  h 
post-operatively.

Our defined FTCA program included all adult patients 
receiving elective, primary cardiac bypass graft or valve 
surgery requiring on-pump cardiopulmonary bypass. 
We excluded all patients having emergency surgery, 
redo-surgery, off pump coronary artery bypass surgery, 
preoperative poor left ventricular function (ejective frac-
tion < 40%), moderate pulmonary hypertension (pulmo-
nary artery systolic pressure > 50  mmHg), underlying 
respiratory disease (FEV1 < 75% predicted), or any other 
complex cardiac surgery (defined as double valve surgery, 
ascending, arch or descending aortic surgery, surgery for 
congenital heart disease). Appropriate FTCA candidates 
were identified in surgical and anesthesia pre-admission 
clinic and enrolled between October 2015 and Jan 2016.

Patient characteristics including demographics, weight, 
indication for surgery, preoperative comorbidities and 
Euroscore were recorded, as were aortic cross clamp and 
cardiopulmonary bypass times [8]. We collected the rates 
of adherence to the prescribed FTCA protocols, time 
until extubation and discharge to the ward, and reasons 
for FTCA failure. We recorded the incidence of postop-
erative complications, ventilation time, ICU and hospital 
length of stay and 30-day mortality.

Descriptive statistics were generated for the data col-
lected using GraphPad Prism version 8.3.0 (GraphPad 
Software, La Jolla, CA, USA) and graphical representa-
tions of the data were generated using Microsoft Excel 
version 1910 for windows (2016, Microsoft Corp., WA, 
USA). Data are presented as mean [standard deviation 
(SD)], median [interquartile range (IQR)] and number 
(percentile).

Results
Of the 16 patients enrolled in the FTCA group, 12 (75%) 
were male. The median (IQR, min–max) age was 56 years 
(40:66; 36–81). Mean (SD) body mass index was 29.3 
(4.6) and Euroscore was 1.5 (0.9:2.2), respectively. Three 
patients (19%) had controlled diabetes, 8 patients (50%) 
had controlled hypertension, and 12 patients (75%) 
hypercholesterolemia. No patients had a history of smok-
ing, peripheral vascular disease or chronic obstructive 
pulmonary disease.

We observed 100% compliance with the intraoperative 
and postoperative protocols with no protocol violations. 
The program success rate was 25%. Reasons for FTCA 
failure included logistical factors: ward bed was unavail-
able for 4 patients (25%) who were ready for discharge 
from the ICU, and patient factors, which included poorly 
controlled postoperative analgesia [2 patients (12.5%)], 
poor gas exchange [3 patients (19%)], and postoperative 
bleeding [3 patients (19%)]. Of the 16 patients, 5 (31%) 
were extubated in the operating room on-table, 9 (56%) 
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Table 1  Technique for fast-track cardiac anesthesia compared to standard care protocol

Standard care Fast-track protocol

Preoperative medication Preoperative medication

Oral benzodiazepine (temazepam 10 mg or diazepam 10 mg)
Intramuscular morphine 10–20 mg, 1 h before surgery

Nil premedication

Insertion of vascular access (conscious sedation) Insertion of vascular access (conscious sedation)

At discretion of treating anesthesiologist: midazolam (3–5 mg IV) or diazepine, morphine (5–10 mg) or 
oxycodome (5–10 mg)

Midazolam (1–3 mg IV), fentanyl (50–100 ug)

Induction of anesthesia Induction of anesthesia

Opioid at discretion of treating anesthesiologist Fentanyl (3–5 ug/kg IV) or alfentanil (30–50 ug/kg IV)

Neuromuscular blocking agent selected at discretion of treating anesthesiologist Rocuronium (1 mg/kg) or vecuronium 0.1 mg/kg for neuromuscular 
blockade

Maintenance of anesthesia/analgesia Maintenance of anesthesia/analgesia

Intraoperative opioids, benzodiazepines, volatile agents, and total intravenous 
anesthesia is at the discretion of the treating anesthesiologist

Remifentanil: (0.1–0.3 ug/kg/min IV) or TCI (3–6 ng/ml) or alfentanil (0.2–0.5 ug/
kg/min IV)

Desflurane or sevoflurane: maintaining 1 MAC

Anesthesia during CPB Anesthesia during CPB

Morphine (10 mg IV bolus) start of CPB Propofol 1–2 mg/kg/h maintaining a Bispectral Index of 40–60

Volatile anesthesia maintaining a Bispectral Index of 40–60 Continue intraoperative analgesia infusions

Post CPB Post CPB

No reversal agent administered Sugammadex for reversal (200 mg IV)

Morphine/oxycodone (5–10 mg IV) at discretion of the treating anesthesiolo‑
gist

Additional analgesia with small aliquots fentanyl (50–100 ug) or morphine/
oxycodone (5–10 mg IV)

Nasogastric or oral gastric tube left in situ to decompress stomach and suction 
any gastric contents

Single pass oral gastric tube to decompress stomach and suction any gastric 
contents, then removed

No paracetamol or ketamine Stop remifentanil or alfentanil during insertion of sternal wires
Start ketamine 0.1 mg/kg/h
Paracetamol 1 g IV

Extubation Extubation

Transfer from operating room to to ICU
Endotracheal tube in-situ
Mechanically ventilated and sedated
At discretion of attending intensive care clinician:
• Weaning from mechanical ventilation
• Spontaneous breathing trial
• Enodotracheal tube extubation
• Transfer to cardiac care unit ward bed

At completion of surgery stop anesthesia agents and initiate spontaneous 
breathing trial:

• Continuous reduction in continuous positive airway pressure to minimal ven‑
tilator settings i.e. 5 cmH20 pressure support and 2–5 mmH2O PEEP (ensure 
arterial saturation > 92%, PaCO2 < 55 mmHg, FiO2 < 0.4, PaO2/FiO2 > 200 and 
respiratory rate < 20 b/min;

• Adequate mentation
• Pain controlled
• Head lift off pillow, raise arms in air for 10 s
• Stable hemodynamics
• Normothermia
Extubate on operating table or transfer patient on propofol infusion 

(20–40 mg/h) to ICU for continuation of spontaneous breathing trial and 
extubation in ICU

Postoperative analgesia Postoperative analgesia

Opioid patient controlled analgesia (PCA) at discretion of treating intensivist. Type 
of opiod and opioid regime not standardized

Patient controlled analgesia (PCA) fentanyl (10 ug/bolus, 5 min boluses, 5 min 
lockout, no background infusion)

Paracetamol (1 g IVI) at discretion of treating intensivist Paracetamol (1 g IVI) every 6 h for 48 h

Adjunctive analgesia per ICU Tramadol (50–100 mg IV) or ketamine (0.05–0.1 mg/kg/h IV) if refractory 
analgesia

No acute pain service review Acute pain service review twice daily

Postoperative agitation/delirium Postoperative agitation/delirium

Sedation/antipsychotics at discretion of treating intensivist Dexmedetomidine (0.2 ug/kg/h)
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were extubated within 4  h of ariving in the ICU, and 2 
(12.5%) were extubated within 18 h (Fig. 2).

The mean (SD) cardiopulmonary and aortic clamp 
times were 101.4 (45.0) and 81.4 (44.8) min, respec-
tively. The median (IQR, min–max) duration of postop-
erative ventilation was 2.1 (0:6.5; 0–34) h. Four patients 
were successfully extubated and discharged from ICU 
within 24-h of surgery. Intravenous ketamine infusion 
(0.05–0.1  mg/kg/h) was administered to 3 patients in 
ICU. There were no adverse effects observed from the 
ketamine infusiuon and no patient required treatment 
for postoperative delirium or cognitive dysfunction. The 
median (IQR, min–max) duration of ICU stay was 22 
(12.2:40.5, 4–94) h. Total median (IQR, min–max) dura-
tion for hospital length of stay was 6 (5.2:8.5; 4–16) days. 
There were no readmissions to ICU or postoperative 
mortality.

Discussion
We developed a FTCA program and assessed the pro-
gram’s feasibility and compliance in a small cohort 
of patients undergoing cardiac surgery. Reasons why 
patients did not complete the FTCA pathway included 
ongoing need for mechanical ventilation, high analgesic 
requirements and lack of cardiac ward beds. These fac-
tors are current barriers to the further development and 
expansion of this program at our institution; however, 
they are all potentially modifiable.

Our study provides some novel findings. Firstly, that 
pain and post-extubation pulmonary factors often impact 
on FTCA success. Secondly, despite dedicated fund-
ing to facilitate a postoperative cardiac ward bed, 50% 
of enrolled patients failed FTCA due to lack of a ward 
bed. To our knowledge, neither post-extubation pain, nor 
oxygenation have been previously described as inhibit-
ing FTCA success and there are no published reports 
describing lack of post-ICU beds as a cause of FTCA 
failure. It has previously been reported that FTCA proto-
cols perform better in dedicated units, with a prospective 
2014 study concluding cardiac-care was superior to gen-
eral ICU care for facilitating FTCA demonstrating con-
siderably shorter length of stay [9].

Our findings are consistent with earlier studies, includ-
ing a 2015 randomized controlled trial, suggesting that 
FTCA results in shorter ICU length of stay without 
increase in postoperative complications in low to mod-
erate risk patients [10]. However, persistent concerns 
regarding risk of adverse events and patient safety remain 

a major factor limiting the implementation of widespread 
FTCA protocols. The available evidence suggests other-
wise, with a 2013 retrospective study evaluating safety of 
FTCA analysing data from 7000 patients and concluded 
there is no evidence of an increased risk of adverse out-
comes in patients undergoing FTCA [11]. Likewise, the 
two most recent Cochrane reviews into FTCA safety 
concluded that fast-track interventions have similar risks 
compared to standard care, and that FTCA protocols are 
safe in low to medium risk patients [4, 12]. The safety of 
FTCA and equivalence in outcomes suggests the poten-
tial to expand this approach to also consider nurse-lead 
FTCA protocols as potentially safe and effective [13]. 
When used in conjunction with advancements in surgical 
techniques such as minimally invasive incisions, robot-
assisted cardiac surgery and rapid-deployment valves 
there are likely to be a range of opportunities to further 
improve resource utilization, reduce postoperative com-
plications and expedite recovery [14, 15].

Our study used Euroscore calculation to assess perio-
perative risk, using widely accepted definitions of low-
moderate cardiac risk (a Euroscore less than or equal to 
5) to select patients appropriate for FTCA [16]. This defi-
nition is imperfect, however, and more work is required 
to optimize predictive systems, especially given the 
development of the updated Euroscore II system, which 
may also overestimate the risk of mortality in lower risk 
patients and underestimate the risk of mortality in higher 
risk patients [17, 18].

Preoperative risk calculators such as the Euroscore, 
may help predict FTCA failure, with evidence suggest-
ing American Society of Anesthesiologists (ASA) class 
and New York Heart Association (NHYA) class, as well 
as total operation time are strong predictors of fast-track 
failure [19]. A 2013 retrospective observational study of 
229 patients determined ASA physical classification over 
3, NHYA classification over 3 and total operation time 
(over 267  min) are strong, independent predictors of 
FTCA failure [19]. Conversely, a 2013 retrospective anal-
ysis of over 11,000 patients found age and left ventricu-
lar dysfunction were significant preoperative predictors 
of failure FTCA [20]. Most recently, a 2018 prospective 
observational study concluded that age, pre-existing 
renal impairment, Euroscore, inotropic requirement, aor-
tic cross-clamp time and total cardiopulmonary bypass 
time were all predictors of FTCA failure [21]. To sum-
marize, the available evidence suggests that, predictably, 
FTCA is more likely to be successful in younger patients 

Table 1  (continued)
This table highlights the important differences between patients receiving the fast-track protocol compared to standard protocol. Notable differences occur 
throughout the care process, with more specific guidelines being introduced for postoperative care in the FTCA group including extubation, analgesia and 
management of delirium
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Fig. 1  Fast-track cardiac protocol at completion of surgery. PaO2 partial pressure of oxygen in arterial blood, FiO2 fraction of inspired oxygen, PaCO2 
partial pressure of carbon dioxide in arterial blood
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with fewer comorbidities and greater baseline cardiac 
function, with ongoing work required to determine hard 
criteria for FTCA patient selection.

Our work has helped identify key challenges to over-
come if successful fast-track programs are to be imple-
mented. With 12.5% of patients failing to be discharged 
from ICU secondary to concerns regarding analgesia, 
our study identified pain management as an important 
area to address for FTCA success. Evidence has identi-
fied that specialist post-operative analgesia regimes are 
required, with further evidence suggesting opioid PCAs 
are superior to nurse-initiated analgesia for this patient 
group [9, 22]. With 25% of patients failing due to the lack 
of an appropriate cardiac step-down bed, despite specific 
institutional funding and approval for this project flags 
bed access as a major issue obstructing FTCA success. A 
potential challenge associated with ensuring smooth, effi-
cient transition from ICU to ward-based are comes with 
the large variations in what defines an adequate cardiac 
“step-down” bed, and the associated variations in delivery 
of care [23].

Conclusion
FTCA programs offer potentially more efficient use of 
healthcare resource and improved access for patients. 
After trialing a dedicated FTCA program as part of a 
quality improvement initiative, we observed that the 

implementation of a fast-track program was feasible, 
potentially beneficial in reducing ventilation and ICU 
times, and not associated with an increase in complica-
tions or mortality. Major limitations to implementing a 
FTCA program include the availability of appropriate 
step-down cardiac ward beds, as well as challenges relat-
ing to respiratory status and pain management.

Limitations
We acknowledge several limitations of our study. This is a 
single center study, with findings being potentially influ-
enced by local institutional policies and practices. Com-
paring existing audit data, our study group were younger 
and less unwell than that of many elective cardiac surgery 
cohorts, further limiting such comparisons. We enrolled 
low patient numbers, being not sufficiently powered to 
definitively compare complication rates, however this 
was neither an interventional, nor prospective observa-
tional study. Finally, we did not evaluate any cost benefits 
of the program, however this was not the purpose of our 
study, and has been well documented by others [24].

Abbreviations
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Fig. 2  Fast-track cardiac anesthesia (FTCA) feasibility
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