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Abstract
Purpose of Review Enhanced recovery after surgery (ERAS) has become a widespread topic in perioperative medicine over the
past 20 years. The goals of ERAS are to improve patient outcomes and perioperative experience, reduce length of hospital stay,
minimize complications, and reduce cost. Interventions and factors before, during, and after surgery all potentially play a role
with the cumulative effect being superior quality of patient care.
Recent Findings Preoperatively, patient and family education, optimization of nutritional status, and antibiotic prophy-
laxis all improve outcomes. Recovery is also expedited by the use of multimodal analgesia, regional anesthesia, and
opioid reducing approaches. Intraoperatively, the anesthesiologist can have an impact by using less-invasive monitors
appropriately to guide fluid and hemodynamic management as well as maintaining normothermia. Postoperatively, early
enteral feeding, mobilization, and removal of invasive lines support patient recovery. Implementation of ERAS protocol
in cardiac surgery faces challenges by some unique perioperative perspectives in cardiac surgery, such as systemic
anticoagulation, use of cardiopulmonary bypass, significantly more hemodynamic variations, larger volume replacement,
postoperative intubation and mechanical ventilation and associated sedation, and potentially significantly more co-
existing morbidities than other surgical procedures.
Summary ERAS in cardiac surgery may benefit patients more related to its high risk and high cost nature. This manuscript
specifically reviews the unique aspects of enhanced recovery in cardiac surgery.

Keywords Enhanced recovery after surgery . Cardiac surgery . Cardiopulmonary bypass . Pulmonary artery catheterization .
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Introduction

Enhanced recovery after surgery (ERAS) has increasingly be-
come a popular topic in perioperative medicine. The goals of
ERAS are to reduce the length of hospital stay, minimize com-
plications, reduce costs, and eventually improve patients’

perioperative experience and satisfaction. Implementation of
ERAS requires a multidisciplinary approach and seamless tran-
sition of care from preoperative counseling to intraoperative
monitoring and to postoperative management [1••, 2••]. ERAS
protocols have been successful with other types of surgeries
such as colorectal and orthopedic surgery [2••, 3]. Though the
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concept of “Fast-track surgery” was initially recommended in
cardiac surgery, comprehensive ERAS protocol in cardiac sur-
gery has been lagging behind other surgical specialties (gastro-
intestinal surgery). ERAS protocol in cardiac surgery is recently
gaining popularity and appears to improve patient outcomes
[2••, 4]. The implementation of ERAS in cardiac surgery can
also have significant financial implications, as cardiovascular
patients have the single highest cost center. [5].

Surgical Stress Response

The majority of elements associated with ERAS programs fo-
cus on ways to reduce stress in the perioperative period. Stress
and injury cause an inflammatory response and alter the im-
mune system function. Direct cellular injury causes release of
pro-inflammatory molecules such as TNF-α and interleukins 1,
6, and 8. The inflammatory cascade is sensed in the central
nervous system, and stress response hormones such as cortico-
trophin are released leading to a catecholamine surge [2••, 6].
This surge can lead to hemodynamic instability and myocardial
injury [7, 8]. Insulin resistance and increased glucose produc-
tion are an additional concern as a result of the hormonal chang-
es [6]. This pro-inflammatory process is particularly important
for cardiac surgery because of the inflammation-inducing na-
ture of cardiopulmonary bypass (CPB) [9]. In fact, CPB pro-
duces an immune response similar to what occurs in sepsis or
systemic inflammatory response syndrome [7].

Preoperative Preparations

Counseling and Education

Educating the patient and their support system is a key part of
the ERAS process. This helps to set expectations, which can
reduce anxiety and increase patient compliance. Topics to be
discussed include use of incentive spirometer, perioperative
nutrition, early mobilization after surgery, smoking cessation,
and alcohol use.Abstinence from tobacco and alcohol 1month
prior to surgery improves wound healing [10]. Patient training
with incentive spirometry will improve compliance after sur-
gery and reduce incidence of pulmonary complications [11••].
During a preoperative evaluation, patients should also be en-
couraged to increase their physical activity prior to surgery.
This “physical pre-habilitation” helps expedite recovery of
functional status after surgery [10, 12]. Intuitively, patients
in better physical condition prior to surgery have better out-
comes. Even patients with restrictive co-morbidities such as
heart failure, coronary artery disease, and chronic obstructive
pulmonary disease can make improvements to their functional
status prior to surgery [12].

Nutrition

Preoperative malnutrition is associated with more post-
surgical complications, increased length of stay, higher re-
admission rates, and slower return of gastrointestinal function.
Patients should be screened for malnutrition prior to surgery.
Objective assessment of poor nutritional status can be done
with screening questionnaires. If malnutrition is suspected,
consultation of a dietician is recommended [2••]. Total paren-
teral nutrition is not recommended unless the patient is severe-
ly malnourished [12].

Fasting

Traditionally, fasting has been a major part of preoperative
care to reduce the risk of aspiration during anesthesia.
However, fasting contributes to a catabolic state that is already
taking place due to the stress response of surgery. Fasting
leads to breakdown of proteins and fats and depletes glycogen
stores for energy needs [12, 13]. Therefore, decreasing the
amount of time fasted prior to surgery is an important piece
to improving patient outcomes and satisfaction.

Preoperative Carbohydrate

Carbohydrate loading prior to surgery with enteral liquids has
been shown to help optimize nutritional status prior to surgery.
In fact, carbohydrate intake has been shown to decrease post-
operative insulin resistance, surgical site infections, total num-
ber of complications, hospital length of stay, and hasten the
return of bowel function [12, 13]. Most protocols recommend
a form of glucose-rich drink 2–3 h prior to surgery and some
also recommend a carbohydrate drink the night before surgery
[10, 14]. Clearfast, Powerade, and Gatorade are common
choices for most ERAS programs. In one study, 400 mL of
carbohydrate-rich drink was cleared from the stomach within
90 min [13]. Therefore, consuming these drinks 2–3 h prior to
surgery will allow sufficient time for complete gastric empty-
ing. However, careful consideration should be given for pa-
tients with diabetic gastroparesis, gastroesophageal reflux dis-
ease, or other disorders of gastric motility [13].

Antibiotics

Surgical site infections can be decreased by intravenous ad-
ministration of antibiotics 30–60 min prior to incision and the
use of skin antiseptic cleaning solutions [10]. According to the
Society of Thoracic Surgeons practice guidelines, a beta-
lactam antibiotic is recommended 30 min prior to incision.
However, allergies, known resistance, or known organisms
may dictate a more appropriate drug. Medications such as
vancomycin and fluoroquinolones, which are used commonly,
should be given within 2 h of incision [15]. Antibiotics should
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be continued for 48 h as this has been shown to decrease
sternal surgical site infections. However, after 48 h, the benefit
is not greater, but the risk of secondary infections such as
Clostridium difficile increases [15, 16]. Screening for
methicillin-resistant Staphylococcus aureus (MRSA) can also
have an impact on outcomes. If patients known to carry
MRSA are treated preoperatively with nasal and topical anti-
biotics, surgical site infections are reduced [17].

Factors Predicting ERAS Failure

ERAS protocol is not good for all patients. There are some
predictors found to be useful to choose patients to be enrolled
in ERAS protocol. Youssefi et al. found some factors which
can predict failure in fast-track cardiac surgery. These predic-
tors of failure included renal failure, hypertension, age, abnor-
mal EuroSCORE, cardiopulmonary bypass time, first lactate
or base deficit after surgery, and cross-clamp time. They un-
veiled that the strongest predictor of failure was glomerular
filtration rate (GFR) < 65 mL/min/BSA, with a 54% sensitiv-
ity and 61% specificity [18].

Intraoperative Management

Invasive Monitoring

Pulmonary artery catheters (PAC) are a common invasive
monitor used in cardiac surgery. They provide cardiac output,
mixed venous oxygen saturation, central venous pressure
(CVP), and pulmonary capillary wedge pressure (PCWP)
measurements. CVP and PCWP are used as proxies of ven-
tricular function and volume status to aid in the care of criti-
cally ill patients. However, cardiac surgery alters myocardial
compliance and makes CVP/PCWP less accurate [19].
Furthermore, errors in interpretation and management based
on this information are not infrequent [20]. This has led many
to question the utility of these monitors. In fact, placement of
PACs has led to increased operative mortalities, more end-
organ complications, delayed extubation, and increased length
of stay in multiple studies [21, 22••]. Additionally, Xu et al.
found that PACs significantly increased cost of admission
without a morbidity or mortality benefit [23].

Transesophageal echocardiography (TEE) is one of the
most important monitors in cardiac surgery. TEE provides
direct visualization of the aorta, cardiac function, volume
status, valve structure and function, and the presence of
shunts [19, 24]. TEE is less invasive than PAC and pro-
vides more reliable information [19, 24]. Mixed venous
oxygen saturation is the only piece of information a PAC
provides that TEE cannot [2••].

Fluid Management

Management of volume status in cardiac patients is made
simpler with invasive monitoring. As mentioned above,
CVP and PCWP play an important role, but TEE is the most
important monitor for fluid management and choice of vaso-
pressor support [22••, 24]. The goal of intraoperative fluid
administration is euvolemia determined by the clinician using
the above-mentioned invasive monitors. Hypovolemia leads
to hypoperfusion and end organ dysfunction. Hypervolemia
disrupts glycocalyx integrity and leads to increased fluid in the
interstitium. Volume challenges are recommended when hy-
povolemia is suspected in order to gauge responsiveness.
Balanced crystalloid solutions offer the best profile for pa-
tients [25]. The clinician must be aware that patients have a
tendency toward volume overload because the CPB circuit
requires intravenous fluid for priming [2••].

Blood Products

Avoidance of blood product transfusions is ideal if possible,
because blood products are pro-inflammatory and expose pa-
tients to risk of infection and transfusion reactions [7]. Cardiac
surgery patients are at a higher risk for need of blood products.
Modified ultrafiltration is one strategy to reduce the need for
blood transfusions by returning whole blood to the patient
after removal of inflammatory mediators created by the CPB
circuit [26]. Modified ultrafiltration does decrease inflamma-
tory elements, blood loss, and need for transfusions. However,
intensive care unit (ICU) and hospital length of stay did not
improve in one study. Modified ultrafiltration is well studied
in pediatric patients and shown to improve morbidity, but
further studies are needed in adults to find a similar effect if
one exists [27]. Intraoperative cell salvage also reduces circu-
lating inflammatory mediators and the need for blood transfu-
sions. This results in lower medical costs, transfusion compli-
cations, and postoperative pulmonary complications [28].

Anti-fibrinolytics

According to the Society of Cardiovascular Anesthesiologists
practice guidelines, anti-fibrinolytics are strongly recom-
mended for cardiac surgery [29]. Three such drugs have been
studied and clinically used in this regard: aprotinin,
aminocaproic acid, and tranexamic acid. Aprotinin is a serine
protease inhibitor, which reduces blood loss and transfusion
requirements shown by a multicenter double-blind clinical
trial [30, 31]. Aminocaproic acid and tranexamic acid alter
the ability of plasmin to dissolute thrombin clots. Multiple
studies demonstrate the equal capability of these drugs to de-
crease blood loss and need for transfusions. However,
aprotinin has been linked to an increased risk of long-term
mortality after coronary artery bypass graft surgery [32].
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Aprotinin was pulled out of market in 2007, but recently in
Europe, there are studies in attempt to bring this potent
antifibrinolytic agent back to the market [29]. Adverse events
associated with anti-fibrinolytics are due to thromboembolic
sequelae and the risk of seizures [33].

Temperature Management

Temperature management is different from many other surgi-
cal procedures, because intentional hypothermia is often used
during CPB as a neuroprotective and cardioprotective strate-
gy. However, normothermia (> 36 C) should be maintained
before and after CPB. Hypothermia after weaning off CPB
may lead to platelet dysfunction, increased need for transfu-
sions, coagulopathy, and increased bleeding [34].
Hypothermia has multiple additional systemic adverse effects
including myocardial depression, arrhythmias, pulmonary hy-
pertension, altered drug metabolism, increased surgical site
infections, and increased mortality. All of these complications
increase length of stay and healthcare costs [10, 35]. Use of
forced air warming blankets, fluid warmers, and increased
room temperature helps to prevent hypothermia.

Hemodynamic Management

When hemodynamic instability, primarily hypotension and
low cardiac output, is encountered in the operating room, there
are multiple cardioactive, vasoactive drugs from which to
choose. Making the best choice will usually depend upon
information gathered from invasive monitors, institutional tra-
dition, and physicians’ clinical judgment. See Table 1 for a
summary of the effects of specific vasoactive drugs [9, 31,
36]. Maintaining relatively stable hemodynamic parameters
(≤ 20% deviation from the baseline) is critical for the success
of ERAS protocol and patients’ clinical outcomes [37].

Anesthetic Management

The induction of anesthesia can cause drastic hemodynamic
changes. Post-induction hypotension leads to increased mor-
bidity and mortality, and patients with cardiac disease are
more susceptible to such sequelae [37]. This is particularly a
concern for patient with left ventricular dysfunction or valvu-
lar disorders intolerant to afterload reduction (aortic and mitral
stenosis). Etomidate is an appropriate choice for patients with
poor left ventricular function because of its relatively stable
cardiovascular profile compared to propofol. Though
etomidate can produce adrenal suppression, this affect does
not appear to be clinically relevant after an induction dose of
the drug [37, 38]. Ketamine will maintain afterload, but it is a
negative inotrope and may cause severe hypotension in
catecholamine-depleted patients [37]. The choice of volatile
anesthetic does not appear to affect clinical results. Isoflurane

and sevoflurane were found to have no difference in patient
outcomes [39].

Blood Glucose Management

Insulin resistance is a constant concern during and after cardi-
ac surgery even for non-diabetic patients. In fact, hyperglyce-
mia occurs in more than half of patients after coronary artery
bypass graft surgery with or without a history of diabetes.
Hyperglycemia is linked with multiple complications includ-
ing infection, bleeding, arrhythmias, and cerebral edema lead-
ing to extended length of hospital stay and increased
healthcare cost [40, 41]. Limiting hyperglycemia is important
to improve outcomes, but hypoglycemia can also be detrimen-
tal. Current evidence regarding glucose control is inconclu-
sive. However, maintaining a blood glucose level of 100–
180 mg/dL seems a safe approach with a goal of glucose less
than 150 mg/dL [2••, 40].

Multimodal Pain Regimen

Pain control is a key portion of any ERAS protocol. Patient
satisfaction and perioperative experience are directly linked
with perioperative pain control. Poor analgesia can lead to
tachycardia, hypertension, immunosuppression, platelet dys-
function, increased catabolism, and prolonged immobility
[2••, 8]. Pain control should be multimodal and opioid utiliza-
tion should be minimized when possible [1••, 2••].
Perioperative multimodal analgesia can be achieved with
pharmacological management (acetaminophen, gabapentin,
non-steroidal anti-inflammatory drugs, ketamine, opioids,
alpha2-adrenergic drugs, and regional blocks) and
nonpharmacological techniques (TENS, relaxation, hypnosis,
acupuncture etc.) [2••].

The evidence for neuraxial techniques is mixed. Multiple
studies have shown that a high thoracic epidural catheter can
provide multiple benefits including decreased stress response,
increased coronary perfusion leading to less ischemia and ar-
rhythmias, improved pain control, and less pulmonary com-
plications. This is thought to be due to the sympathectomy and
analgesia it provides [8, 42]. However, other studies have
demonstrated no improvement in morbidity in cardiac patients
at 1 month after surgery with a thoracic epidural [43]. This
difference may be reconciled by what the epidural is being
compared against. Newer protocols for these patients include
fast-track extubation and shorter acting sedatives, which
might have improved complication rates and likely dimin-
ished the benefits of a thoracic epidural [8]. Epidurals are
not without complications. The risk of epidural hematoma in
cardiac patients is poorly defined but likely with rates ranging
between 1 in 1500 and 1 in 150,000 [8].

Regional anesthetic techniques also offer improved pain
control. Paravertebral blocks are injection of local anesthetic
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agent(s) adjacent to the vertebral canal where the spinal nerve
exits. Intercostal nerves can be blocked under direct visuali-
zation prior to closing the chest to provide improved analgesia
and pulmonary function after surgery. Intrapleural blocks in-
volve local anesthetic between the visceral and parietal pleura
via bolus or catheter infusion. Care must be taken to avoid
systemic toxicity with this technique. These blocks have fewer
complications than neuraxial techniques and coagulopathy is
much less of a concern [8].

In theory, NSAIDs can have a potential benefit as both an
analgesic and anti-inflammatory medication. Studies have
shown NSAIDs expedite early extubation and mobility with-
out increased risk of bleeding or renal injury in the appropriate
patient population. However, the FDA has issued a black box
warning against the use of NSAIDs after cardiac surgery. This
stems from data showing parecoxib and valdecoxib increased
complication rates related to thrombotic events after coronary
artery bypass surgery such as pulmonary embolism, stroke,
and myocardial infarction [44]. Therefore, the decision to
use this class of medications should be made with careful
consideration of the risks and benefits.

Anti-inflammatory Medications

A seemingly obvious choice to reduce the inflammatory
response from cardiac surgery is corticosteroids, which
are powerful anti-inflammatory medications and being
used extensively in clinical practice. However, controlled
clinical trials have not shown a clinical benefit to their use.
An exception to this is patients with reactive airway dis-
ease. In addition to being anti-fibrinolytic, aprotinin re-
duces the activity of neutrophils and may attenuate an in-
flammatory response [7]. In the perioperative period,
statins have shown to be both cardioprotective and anti-
inflammatory [45]. Both pravastatin and rosuvastatin have
been shown to reduce the inflammatory response to cardio-
pulmonary bypass [45, 46]. This appears to be due to a
decrease in nitric oxide release.

Postoperative Management

Hemodynamic Management

Fluid management for these patients is easier in the operating
room with transesophageal echocardiography and invasive
monitors such as arterial lines and pulmonary artery catheters
readily available to show volume status and guide manage-
ment accordingly. The goals for these patients’ hemodynamic
management are the same intraoperatively as it is postopera-
tively: euvolemia, constant body weight, and stable hemody-
namic parameters. Patients have difficulty excreting sodium
after surgery so dextrose solutions are preferred to high salt
crystalloid solutions. Colloids are more costly than colloids,
and colloids have not been shown any benefit in perioperative
morbidity. Ultimately, the decision to administer intravenous
fluids requires comprehensive clinical judgment [9, 25].

Postoperative Nausea and Vomiting

Patient satisfaction is strongly correlated with postoperative
nausea and vomiting. The incidence of postoperative nausea
and vomiting in cardiac patients is 20–40% higher than gen-
eral surgery patients. This delays recovery, creates electrolyte
imbalances, puts stress on surgical incisions, and results in
higher healthcare costs [47]. Identifying risk factors and pro-
viding prophylactic medications based on the number of fac-
tors decreases the incidence of postoperative nausea and
vomiting [10]. The four primary risk factors are perioperative
opioid use, non-smoker, female, and history of motion sick-
ness or postoperative nausea and vomiting. Treatment options
include 5-HT3 antagonists, dexamethasone, scopolamine,
perphenazine, diphenhydramine, propofol, droperidol, NK-1
antagonists, and acupuncture techniques [47].

Early Mobilization

Early mobilization after cardiac surgery is crucial to the success
of enhanced recovery. Early mobilization can significantly

Table 1 Agents affecting
cardiovascular activities Drug Contractility Heart rate Systemic vascular resistance

Epinephrine ↑↑↑ ↑↑↑ ↑↑

Norepinephrine ↑↑↑ Reflexive bradycardia ↑↑↑

Dopamine ↑ ↑ ↑ (at higher doses)

Dobutamine ↑ ↑↑↑ ↑↓

Phenylephrine Reflexive bradycardia ↑

Vasopressin ↑↑↑

Milrinone ↑↑ ↑ ↓↓

Isoproterenol ↑↑↑ ↓

↑or ↓ =mild change, ↑↑ or ↓↓=moderate change, ↑↑↑ or ↓↓↓ =marked change
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reduce the incidence of complications, improve functional ca-
pacity, and decrease hospital length of stay [48]. However,
many clinicians are reluctant to mobilize postoperative cardiac
patients, concerning that their circulatory homeostasis would
have been impaired due to myocardial stunning, fluid shift, and
autonomic dysfunction. Cassina et al. evaluated the hemody-
namic responses to a two-staged mobilization procedure in 53
consecutive patients. They recorded hemodynamics parameters
including the central venous oxygen saturation (ScvO2 includ-
ing CVP, lactate level, MAP, HR, right atrial pressure, and
arterial oxygen saturation (SpO2) before, during, and after the
mobilization). They found that all patients successfully com-
pleted the mobilization procedure; thus, they believe early mo-
bilization after cardiac surgery is a safe procedure as long as it is
done under close hemodynamic and clinical monitoring in the
ICU setting [49]. Mechanically ventilated patients are at the
highest risk of immobilization. However, these patients can
also be mobilized to help improve outcomes [50].
Devastating thrombotic events such as stroke and pulmonary
embolism are also reduced with early mobilization [1••].

Early Nutrition/GI Stimulation

The benefits of early enteral nutrition have been shown to out-
weigh any potential drawbacks. Enteral nutrition reduces ICU
and hospital duration, infection risk, and mortality rates, espe-
cially in critically ill patients [25]. Return of bowel function
improves with enteral feeding. This is likely because function
of the small bowel is reliant upon adequate levels of amino
acids such as glutamine. Therefore, withholding enteral feeding
deprives the body of nutrients essential for gastrointestinal
function and prolongs gastrointestinal recovery [12].

Infection Control

Overall incidence of postoperative deep sternal wound in-
fection is 1.8%. Prevention of this complication is crucial
because 30-day mortality for patients with deep sternal
wound infection is nearly 10%. The mortality rate in-
creased to 25% if reoperation is required for the infection
[51]. Risk factors for infection include use of blood prod-
ucts, advanced age, obesity, diabetes, smoking, prolonged
operative or CPB time, renal failure, and use of thoracic
artery conduits [51]. As stated above, perioperative antibi-
otics are recommended for 48 h after cardiac surgery to
reduce infection. Barring suspected or existing infection,
antibiotics should be stopped after this time [15]. Faster
removal of endotracheal tubes, Foley catheters, and inva-
sive lines limits exposure to possible infection.

Any indwelling catheter or device increases the risk of
infection, bacteremia, and sepsis. Timely removal of un-
needed invasive devices can decrease the risk of infections
by up to 50% [52].

Contemporary management of cardiac patients often in-
volves fast-track extubation protocols. This encourages
extubation within 4–6 h after arrival in the ICU for patients
meeting certain criteria. These criteria are variable by institu-
tion, but meant to identify which patients are stable for
extubation. Benefits of fast-track extubation could include de-
creased ventilator-associated pneumonia, less sedative medi-
cation, quicker time to rehabilitation, decreased ICU length of
stay, and decreased cost. Multiple protocols have been able to
decrease time to extubation and ICU length of stay without
increasing re-intubation rates [52–55].

In summary, enhanced recovery in cardiac surgery is in
accelerating phase. There are various hurdles in implementa-
tion of ERAS protocol in cardiac surgery, due partially to
some unique perioperative perspectives in cardiac surgery,
such as systemic anticoagulation, use of cardiopulmonary by-
pass, significantly more hemodynamic variations, larger vol-
ume replacement, postoperative intubation and mechanical
ventilation and associated sedation, and potentially signifi-
cantly more co-existing morbidities that other surgical proce-
dures. Implementation of ERAS protocol in cardiac surgery
may benefit patients more related to its high risk and high cost
nature.
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