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Abstract

The concept of early recovery after surgery (ERAS) consists of
bundle interventions during the pre-, intra- and postoperative
periods and team work. The ERAS, which is a multimodal strat-
egy, enables one to limit the neurohumoral response to the
surgery, maintain homeostasis, reduce the risk of complica-
tions, shorten the hospital stay, accelerate the return to ev-
eryday functioning, improve the patient’s satisfaction, achieve
a satisfactory quality of life and finally reduce the treatment
costs and eliminate any redundant and ineffective practices.
Almost every patient can be classified for the ERAS strategy
except for patients undergoing urgent and emergency surgery.
The necessity to give up ERAS can result from poor organisa-
tion and management. Moreover, the procedure itself can be
the cause of the lack of adherence to the planned standard.
It is necessary to use protocols and checklists. While fulfilling
this doctrine, the anaesthesiologist becomes a perioperative
specialist.

Key words: early recovery after surgery, cardiac surgery, post-
operative complications.

Introduction

The incidence of postoperative complications signifi-
cantly affecting the quality of life is increasingly high due
to the profile of patients referred for cardiac surgery. Since
the first 30 days of the early postoperative period have the
most profound effects on the postoperative quality of life,
actions have to be taken to limit the number of postop-
erative complications. A single intervention cannot improve
the postoperative safety and shorten the hospital stay.
A bundle of interventions and team work are required. The

Streszczenie

Koncepcja ERAS okreslana jest w polskiej nomenklaturze jako
protokét kompleksowej opieki okotooperacyjnej dla poprawy
wynikoéw leczenia. Realizacja koncepcji ERAS, ktéra jest strate-
gia multimodalng, prowadzi do ograniczenia odpowiedzi neuro-
hormonalnej na uraz, zachowania homeostazy, ograniczenia
ryzyka wystapienia powiktan, skrécenia czasu pobytu w szpita-
lu, przyspieszenia powrotu do normalnego codziennego funk-
cjonowania, poprawy satysfakcji pacjenta, osiagniecia zado-
walajacej jakosci zycia i ostatecznie redukcji kosztéw leczenia,
unikania niegospodarnosci i marnotrawstwa. Realizowana jest
kompleksowo w okresie przed-, srod- i pooperacyjnym. Istot-
nym dylematem, ktéry nalezy rozstrzygnaé, wdrazajac strategie
ERAS, jest selekcja pacjentéw. Mozna zakwalifikowac do niej
prawie kazdego pacjenta, z wyjatkiem chorych operowanych
w trybie pilnym. Przyczyng niepowodzeh w realizacji strategii
ERAS sa czynniki zwigzane z pacjentem, procedura i zarzadza-
niem. Niedopetnienie protokotéw przygotowania przedopera-
cyjnego, nieprzestrzeganie zasad znieczulenia, odzwyczajania
od wentylacji mechanicznej ptuc, nieprzestrzeganie protokotu
sedacji czy schematu leczenia bélu to zdarzenia niepozadane
o charakterze organizacyjnym. Konieczne jest stosowanie stan-
dardoéw, protokotow i list kontrolnych. W realizacji tej procedury
anestezjolog staje sie specjalista okotooperacyjnym.

Stowa kluczowe: protokdt kompleksowej opieki okotoopera-
cyjnej dla poprawy wynikéw leczenia, kardiochirurgia, powi-
ktania pooperacyjne.

concept of early recovery after surgery (ERAS), borrowed
from sportsmen and introduced to medicine by Professor
Henrik Kehlet, Kenneth Fearon and Olle Ljungqvist, can be
used for this purpose. They worked out the standard of
short hospitalisation with maximum limitation of compli-
cations for surgical patients [1]. In Polish literature, ERAS
is defined as the protocol of comprehensive perioperative
care designed to improve treatment outcomes.

In the 1990s, attempts were made to modify periopera-
tive management in patients undergoing cardiac surgery,
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defined as fast track [2]. The time of mechanical lung ven-
tilation was shortened, which enabled the stays in post-an-
aesthesia care units or intensive care units to be reduced.
The experience gained then proved that the innovative
management was safe.

Surgery is an extreme injury to the organism, especially
in elderly patients. A surgical insult increases oxygen re-
quirements of the myocardium, which is associated with
the risk of ischaemia. Vasoconstriction in visceral vessels
can cause dysfunction of abdominal organs due to isch-
aemia. The depletion of energy stores (excitation, shivers)
weakens both the peripheral and respiratory muscles. Hy-
perglycaemia favours impaired healing and leads to sur-
gical site infections. Finally, hypercoagulation as well as
water and sodium retention that accompany the surgical
procedure can aggravate organ dysfunctions.

The ERAS, which is a multimodal strategy, enables one
to limit the neurohumoral response to the insult, maintain
homeostasis, reduce the risk of complications, shorten the
hospital stay, accelerate the return to everyday functioning,
improve the patient’s satisfaction, achieve the satisfactory
quality of life and finally reduce the treatment costs and
eliminate any redundant and ineffective practices. The ERAS
is divided into three stages: pre-, intra- and postoperative [3].

In 2015, a list of priority studies in anaesthesia and
perioperative medicine was published [4]. Among the ten
most important problems to be solved based on clinical
studies was the issue of scientific evidence confirming the
improvement in short- and long-term outcomes after the
implementation of ERAS.

In 2016, the first pilot study was published, which ana-
lysed enhanced recovery after cardiac surgery (ERACS), i.e.
the effects of the introduction of ERAS elements in patients
undergoing cardiac surgical procedures [5]. The authors
prove that the use of the ERACS strategy is feasible and
has the potential to reduce the early postoperative com-
plications.

The preoperative period

The preoperative management is focused on the pro-
vision of detailed information and counselling as well as
lifestyle interventions. The aim of prehabilitation is to im-
prove the physical and mental capabilities of patients using
exercises, diets, psychotherapy, and cessation of alcohol
and tobacco smoking. Such interventions are introduced in
advance before the surgical treatment. Adherence to the
prehabilitation rules can limit the risk of bleeding, surgi-
cal wound infections, cardiac and respiratory dysfunctions
[6]. Another problem of the preoperative period is anaemia,
which is diagnosed in 75% of cardiac surgery patients and
is a risk factor of complications and mortality [7]. Evidence-
based medicine clearly discourages qualification of pa-
tients with anaemia for elective surgery [8].

Premedication with benzodiazepines that increase the
risk of delirium and other long-acting drugs should be
avoided. A good choice is drugs reducing the opioid require-
ments in the postoperative period. Premedication with pre-
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gabalin administered in a dose of 75 mg limits morphine
requirements and reduces the incidence of chronic pain.
The effect is visible after a single dose of the drug. The side
effects, such as somnolence and dizziness, are less com-
mon compared to gabapentin. The mechanism of action
of gabapentinoids involves the modulation of ion flow in
the calcium channels, limiting the central susceptibility by
reducing the release of transmitters [9]. Another drug that
can limit cognitive and sleep disorders is melatonin, which
can be used for premedication [10].

The up-to-date management in preparation for sur-
gery is the administration of fluids containing simple and
complex carbohydrates (maltodextrose) until the evening
preceding the day of surgery and during the surgery day
up to 2 hours before the entry to the operating room. The
use of fluids with carbohydrates prevents thirst and hun-
ger, reduces the level of anxiety, prevents hypovolaemia,
insulin resistance and protein catabolism in the postopera-
tive period, and improves muscle functions, including the
respiratory muscles [11].

The intraoperative period

During surgery, normothermia should be maintained.
Hypothermia prolongs drug metabolism, causes coagulop-
athy, induces shivers increasing the oxygen requirements,
favours cognitive disturbances, and increases the incidence
of surgical site infections. The fundamental objective is to
maintain and not to restore normothermia during anaes-
thesia.

Pharmacotherapy used for anaesthesia is essential. In-
halation anaesthetics should be applied (sevoflurane, des-
flurane) in a dose of 0.8-1.0 minimal alveolar concentration
(MAC) and/or propofol in a dose of 3 mg/kg/h. The recom-
mended opioids are sufentanil (cumulative dose 5-10 ug/kg),
fentanyl (cumulative dose 5-15 pg/kg) and remifentanil
(0.2-0.75 pg/kg in, the dose should be tailored to the in-
tensity of stimuli from the operative field). As far as muscle
relaxants are concerned, rocuronium (0.6-1.0 mg/kg — intu-
bation dose; 0.075-0.15 — maintenance dose) or cisatracu-
rium (0.1-0.4 mg/kg — intubation dose; 0.03-0.15 — mainte-
nance dose) should be chosen [12].

Postoperative pain should be prevented already in the
intraoperative period. Intravenous non-opioid analgesics
should be administered before skin incision. Such a pre-emp-
tive management option is intravenous metamizole in a dose
of 1 g. Moreover, to limit the postoperative dose of opioids, in-
travenous ketamine in a dose of 30 mg can be administered
after the induction of anaesthesia. Ketamine is an N-methyl-
D-aspartate (NMDA); its action is not limited to the reduction
in opioid requirements. It also shows antiemetic effects and
prevents chronic pain, which is a relevant problem in the re-
mote period. The reports regarding the efficacy of ketamine,
its dose and time of administration are not explicit [13]. The
lack of side effects when administered for general anaesthe-
sia and promising results of some studies speak in favour
of its use. The infiltration of the surgical wound with 60 ml
of levobupivacaine (30 ml on both sides of sternotomy and
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15 ml around the drains) reduces the requirements for opi-
oids and sedation in the postoperative period [14]. The study
did not demonstrate any side effects of infiltration; never-
theless, the population size was small; therefore, the results
should be validated in larger populations.

A serious and common postoperative complication is
respiratory failure. In order to prevent it, intraoperative pro-
tective lung ventilation should be implemented. It is recom-
mended to use low concentrations of oxygen in the respira-
tory mixture. An exception is the moment of completion of
extracorporeal circulation when the use of 100% oxygen is
admissible. The tidal volume should be calculated based
on the ideal body weight (height in cm minus 100), admin-
istering 8 ml of respiratory mixture per kg of the calculated
body weight. During anaesthesia positive end-expiratory
pressure (PEEP) should be maintained at the level of 5 cm
H,0. Similar rules of mechanical lung ventilation should be
observed in the early postoperative period. In patients with
hypoxaemia (requiring the oxygen concentration in the
respiratory mixture > 50%), the parameters of ventilation
should be changed — tidal volume of 6 ml/kg of ideal body
weight and PEEP of 8-13 cm H,0. After filling the vascular
bed, the lung recruitment manoeuvre should be applied,
and another one after 4 hours. The recruitment manoeu-
vre can be carried out using any of the approved methods;
an important element of management is not to exceed
the driving pressure (the difference between plateau pres-
sure and PEEP) by 10 cm H,O. The management option
described should be the method of choice as the most
common cause of postoperative hypoxaemia is atelecta-
sis. The first reaction to hypoxaemia cannot be an increase
in the oxygen concentration in the respiratory mixture. In
cases of hypoxaemia, hypercapnia, and impaired mechani-
cal lung ventilation when atypical ventilator settings are
required, lung ultrasound should be performed to diagnose
the cause of potential respiratory failure [15].

Recently, goal-directed therapy has gained much in-
terest. Its efficacy in some areas of intensive care has not
been confirmed [16]. In the perioperative care of high-risk
patients, goal-directed therapy enables one to limit the
number of complications, and shorten the time of hos-
pitalisation and intensive care unit (ICU) stay [17-19]. To
cover fluid requirements during anaesthesia, intravenous
administration of 1-3 ml/kg cc/h of balanced crystalline
fluids is needed. This protocol can be introduced when we
are sure that the patient entering the operating room is
normovolaemic.

Additional fluid transfusions should be confined to pa-
tients who react with increased cardiac output to increased
intravascular volume. In special cases, monitoring of cardiac
output is recommended (complex procedures, severe car-
diac dysfunction). Echocardiography and Swan-Ganz cathe-
ters are used for this purpose. Goal-directed therapy enables
to estimate the optimal volume of fluids [20, 21]. The fluids
of choice are balanced solutions of electrolytes. The transfu-
sion of 0.9% NaCl results in hyperchloraemic acidosis, which
causes renal artery stenosis and increases the number of
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complications and mortality rates. Perioperative monitoring
of chlorine concentrations is recommended. When synthet-
ic colloids are administered, their volume should be limited
to 20 ml/kg cc/day. Indications for transfusions of blood and
its preparations are anaemia and haemorrhage. At present,
neither restrictive nor liberal fluid therapy is considered.
The aim is to maintain a zero balance, which means fluid
supplementation. Noteworthy, the hourly urine volume dur-
ing surgery does not reflect the vascular bed filling; hourly
diuresis below 0.5 ml/h is not a risk factor of kidney failure.
Intraoperative oliguria results from the release of stress and
antidiuretic hormones. Clearance of fluids during anaesthe-
sia is only a small fraction of the value observed in the con-
scious state. During anaesthesia permissive oliguria can be
tolerated, which is not an indication for fluid administration
if it is an isolated symptom. Anuria is an alarming symptom
and requires quick diagnosis.

A surgical insult induces hyperglycaemia and hyperco-
agulation. Several minutes after skin incision, the hypothal-
amus stimulates the release of pituitary hormones and in
consequence of cortisol, which leads to gluconeogenesis,
protein catabolism and loss of muscle mass. The activation
of the sympathetic system generates the release of endog-
enous amines and intensifies hyperglycaemia. Improper
control of glycaemia increases the risk of infection and inci-
dence of cardiac events or even deaths. The blood concen-
tration of glucose should be maintained within the limits
of 140-180 mg/dl. More restrictive control is indicated in
some selected patients provided that hypoglycaemic inci-
dents are fully prevented [22]. Cytokines and acute phase
proteins circulating in blood create hypercoagulation but
also stimulate fibrinolysis.

The postoperative period

In the postoperative period, oral intake of liquids should
be initiated as quickly as possible. The only contraindica-
tions are nausea and vomiting. Intravenous fluid adminis-
tration after surgery shows no benefits. To cover fluid re-
quirements after surgery, the patient should receive 1.5-1.7 |
of fluids per day. In the majority of cases, ad libitum intake
is possible, which increases the patient’s satisfaction with
treatment. A relevant aspect of monitoring is fluid balance.
The daily balance around zero decreases the risk of compli-
cations and shortens the hospital stay. The balance can be
controlled during the first postoperative days by weighing
patients. The weight and balance are strictly correlated in
the first four postoperative days. Moreover, early oral feed-
ing is essential. It should be started 24 hours after surgery.
This protocol of management reduces insulin resistance
and nitrogen excretion, limits the muscle mass loss, im-
proves wound healing, and decreases the risk of lung and
surgical site infections.

Postoperative nausea and vomiting (PONV) should be
prevented according to the Apfel score. The use of propofol
for anaesthesia reduces the incidence of PONV. Similar ef-
fects are produced by short-term fasting, preoperative ad-
ministration of fluids with carbohydrates and perioperative
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normovolaemia. In patients with nausea and/or vomiting,
at least two drugs should be used — dexamethasone and
ondansetron. The presence of a gastric tube increases the
incidence of vomiting, atelectasis and pneumonia. There
are no rational reasons for routine tube leaving after sur-
gery. The tube should be left only in cases of prolonged
postoperative ileus [23]. Paralytic ileus in the postoperative
period results from the limited release of intestinal hor-
mones, the impaired function of the central or autonomic
nervous system and the release of inflammatory response
transmitters. Oral intake of magnesium, administration of
laxatives and osmotic drugs (lactulose), chewing gum with
sorbitol/hexitol, and solid foods improve peristalsis.

Pain management is essential. The therapy should be
adjusted to the procedure performed. Multimodal anal-
gesia is the treatment of choice. After cardiac procedures
(sternotomy, thoracotomy) the maximum pain intensity is
observed on the first two postoperative days. Female and
male patients below the age of 60 years have stronger
pain sensations. Each department or unit should have the
standard of pain management. The concept of early Com-
fort using Analgesia, minimal Sedation, maximal Humane
care (eCASH) is the essence of optimal perioperative care.
It includes the 3 C rule (Comfortable, Cooperative, Calm).
The first step of this brilliant strategy is analgesia. Sedation
should be targeted and the target is quick mobilisation. The
prerequisite of success is the promotion of proper cycles
of sleep and staying awake, good atmosphere in the unit
and family involvement. A dramatic postoperative compli-
cation increasing the risk of death is delirium [23, 24]. The
predisposing factors are older age, history of cognitive dis-
turbances, generalised atherosclerosis, and anaemia. The
triggering factors are acute destabilisation of the clinical
condition (e.g. low cardiac output syndrome, hypotonia or
acute kidney failure), use of opioids plus persistent pain,
use of benzodiazepines and others. In high-risk patients,
a low dose of haloperidol for prevention can be adminis-
tered. Similar effects can be achieved with a low dose of
atypical neuroleptics — risperidone (1 mg after), olanzapine
or dexmedetomidine sedation. Quetiapine reduces the du-
ration of delirium. The outcomes of such preventive inter-
ventions are not explicit [25].

Another problem associated with the postoperative
period is atrial fibrillation, which affects about 30% of
patients [26]. Atrial fibrillation is a risk factor of central
nervous system (CNS) stroke, acute kidney failure requir-
ing renal replacement therapy, prolonged hospital stay
and mortality. The patients should receive B-blockers in
the morning of the surgery day and immediately after the
procedure. However, competitive action towards catechol-
amines in the early postoperative period should be con-
sidered; therefore, the time of administration of B-blockers
should be individualised [27]. Moreover, drug doses should
also be individually tailored.

The ERAS introduced the term of early goal-directed
mobilisation [28]. Early mobilisation is a prerequisite of
success of this state-of-the-art strategy. It involves physi-
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cal exercises and walking already during the surgery day.
Thanks to such physiotherapy, the hospital stay has been
shortened and the self-reliance scores during the 6 post-
hospitalisation months have improved. In patients under-
going cardiac surgical procedures, this management should
be introduced during the first postoperative day. The main
idea that should be considered by all individuals involved in
surgery is the individualisation of management. There is no
such measure that matches all individuals.

Implementation of the ERACS strategy

The first dilemma when implementing the ERACS strat-
egy is the selection of patients. Almost every patient can be
prepared, except for patients undergoing urgent and emer-
gency surgery. However, it should be taken into account
that the incidence of failures in the implementation of the
entire protocol ranges between 3.3% and 63%. The causes
of failures include patient-, procedure- and management-
related factors (although to a lesser degree) [12]. The pa-
tient-dependent factors include older age, female gender,
left ventricular ejection fraction > 30%, fresh myocardial
infarct, severe pulmonary hypertension, low cardiac output
syndrome/cardiogenic shock immediately after surgery,
kidney and respiratory failure, disorientation, and cognitive
disorders. Moreover, the procedure itself can be the cause
of the lack of adherence to the planned standard. This is
most commonly observed in cases of re-surgery or complex
urgent procedures. The procedure can also be additionally
complicated by postoperative bleeding, tamponade, neces-
sary surgical revision and unanticipated incidents. More-
over, the necessity to give up ERACS can result from poor
organisation and management. Failure to observe the pro-
tocols of preoperative preparation and rules regarding the
anaesthesia, weaning from a ventilator, and the protocol of
sedation or pain management strategy are adverse events
associated with organisation [28].

The effects of ERACS implementation should be con-
firmed in studies. The introduction is extremely slow as the
habits are difficult to change. The ERACS is a challenge for
the traditional surgical doctrine and it has its opponents. It
requires team work. The prepared patient should be man-
aged by the prepared team. It is necessary to use standards,
protocols and checklists. While fulfilling this doctrine, the
anaesthesiologist becomes a perioperative specialist.

The original ERAS, best analysed in colorectal surgery,
contains 22 perioperative interventions. The implementa-
tion of ERAS in cardiac surgery patients should optimally
be based on the Deming cycle, the scheme illustrating the
basic rule of continuous improvement. The cycle consists
of 4 stages — Plan-Do-Check-Act. The elements of ERAS
should be chosen and verified in a pilot study, and the re-
sults should be analysed and implemented to the standard
of perioperative care.
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