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A b s t r a c t

Introduction: Working on the institutional Enhanced Recovery After Surgery (ERAS Cardio) protocol for off-pump coro-
nary artery bypass graft surgery (OP-CABG) we have noticed that patients treated according to the modified anesthe-
sia protocol had not only significantly shorter time of respiratory support and intensive care unit stay but also lower 
postoperative troponin T concentration than patients who had standard fentanyl/sevoflurane-based anesthesia.
Aim: To compare the perioperative course of patients undergoing OP-CABG surgery and receiving standard fentanyl/
sevoflurane anesthesia and those anesthetized according to the institutional ERAS Cardio protocol with remifentanil, 
sevoflurane, and bilateral extensor spinae plane (ESP) block.
Material and methods: Design: a prospective, open-label, observational study performed in a tertiary health center. 
Participants: 30 consecutive patients undergoing off-pump coronary bypass graft surgery. Interventions: 15 patients 
had standard anesthesia with etomidate, fentanyl, and rocuronium for induction and fentanyl/sevoflurane for main-
tenance (standard group); 15 others had bilateral single shot ESP block, then etomidate, remifentanil and rocuroni-
um for induction, and remifentanil/sevoflurane for maintenance of anesthesia.
Results: Median time to extubation was 7.6 (5.5–12.5) h and 1.7 (1–3.25) h in “standard care” and ERAS groups, 
respectively (p = 0.00002). Length of stay in the intensive care unit was also shorter for patients in the ERAS group 
20.5 (18–24) vs. 48 (42–48) h (p = 0.00001). Troponin concentration increased to a lesser extent in patients from the 
ERAS group: an increase of 151.8 (71.9–174.3) ng/ml vs. 253.8 (126.6–373.1) ng/ml, p = 0.008.
Conclusions: Remifentanil/sevoflurane anesthesia combined with bilateral ESP block shortens mechanical venti-
lation time and ICU stay, and decreases postoperative troponin-T concentration in patients undergoing off-pump 
coronary bypass graft surgery.
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Introduction

Cardiac surgery is associated with a  high com-
plication rate and resource expenditure. In order to 
improve patients’ outcomes, minimally invasive sur-
gical techniques and novel enhanced recovery pro-
tocols are being introduced worldwide [1]. Coronary 
artery bypass surgery without the use of extracor-
poreal circulation (off-pump coronary artery bypass 
grafting – OP-CABG) is by default a minimally inva-
sive method. It is also called aortic-coronary bypass 
surgery on a  “beating heart”. It was introduced to 
minimize morbidity and mortality associated with 
the use of extracorporeal circulation, aortic clamping, 
cardiac ischemia, induction of systemic inflammatory 
response, and activation of the coagulation system.

We have recently introduced an institution-
al Enhanced Recovery After Cardiac Surgery (ERAS 
Cardio) protocol, which includes bilateral erector 
spinae-plane (ESP) block as part of multimodal an-
algesia [2, 3], as well as the use of an extremely 
short acting opioid (remifentanil) instead of fentanyl 
during the surgery and in the early postoperative pe-
riod. Some researchers claim that remifentanil might 
not be appropriate in the population of hemodynam-
ically compromised patients [4]. Nevertheless, a re-
cent meta-analysis did not confirm that speculation 
[5, 6]. Our major goal was to shorten the duration 
of postoperative mechanical ventilation and speed 
up the recovery process without compromising pa-
tients’ comfort and safety. 

Aim

The aim of our study was to compare the periop-
erative course of patients undergoing OP-CABG sur-
gery and receiving standard perioperative care and 
those treated according to the institutional ERAS 
Cardio protocol with remifentanil, sevoflurane and 
erector spinae plane block. 

Material and methods

The study protocol was approved by the Bioeth-
ics Committee, and all patients signed informed 
consent for participation in the study.

Data from 30 consecutive patients undergoing 
OP-CABG surgery performed in a  single tertiary 
health centre (teaching hospital) and participat-
ing in the prospective, open-label, observational 
study were analyzed. Fifteen patients had standard 

perioperative care (“standard group”), and the oth-
er 15 were treated according to institutional ERAS 
Cardio protocol (ERAS group). All procedures were 
performed by the same cardiac surgeon using the 
same minimally invasive technique (OP-CABG). With 
this technique, the anastomoses are created in the 
most physiological way, or “on the beating heart”. 
It requires the use of a heart stabilizer (or stabiliz-
ers) and appropriate placement of the pericardial 
sutures. The use of a  stabilizer allows for precise 
creation of the distal anastomosis, while pericardial 
sutures allow manipulation and proper positioning 
of the heart.

Intervention 

Anesthesia

Fifteen patients from the ERAS group did not re-
ceive any pharmacological premedication. Midazol-
am at the dose of 7.5 mg was administered orally in 
the “standard care” group.

In ERAS group, bilateral single shot ESP block was 
performed under ultrasound guidance with 0.375% 
ropivacaine 20 ml per each side before the induction 
of general anesthesia.

In both groups, etomidate 0.2–0.3 mg/kg and 
rocuronium 0.6 mg/kg were used for general anes-
thesia induction and muscle relaxation, respective-
ly. In the “standard care” group, a 2–4 μg/kg bolus 
dose of fentanyl was given at induction, followed by 
25–100 μg/h for maintenance. In the ERAS group, 
a  0.1–0.4 μg/kg bolus dose of remifentanil was 
administered at induction, followed by continuous 
infusion, 0.1–0.4 μg/kg/min (Perfusor, Braun, Ger-
many, target-controlled infusion (TCI), target plasma 
concentration 4–8 ng/ml) for maintenance. 0.5 MAC 
of sevoflurane and incremental doses of rocuronium 
were used during maintenance of anesthesia in both 
groups. 

All patients received 1.0 g of paracetamol intra-
venously (IV) at the end of surgery. Patients from the 
ERAS group also received 10 mg of oxycodone, 8 mg 
of dexamethasone and 8 mg of ondansetron, all ad-
ministered i.v. In the ERAS group, reduced remifent-
anil infusion (TCI, plasma concentration 0.5 ng/ml)  
was continued for 1–2 h post-operatively, then 
stopped, and the patient’s trachea was extubated. 
Patient-controlled analgesia (PCA) with oxycodone 
was provided immediately (1 mg per dose, lock-out 
time 7 min, no basal infusion). An intravenous oxy-
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codone dose (2 × 5 mg) was available as rescue anal-
gesia. In the “standard care” group, the trachea was 
extubated when the patient was awake, and post-
operative pain relief was provided by nurses with in-
cremental doses of morphine given at 0.1 mg/kg i.v. 

Troponin T (high-sensitivity troponin T – hsTnT) 
was measured as a marker of myocardial injury a day 
before surgery and at 6 a.m. on the 1st post-opera-
tive day with an Elecsys 2018 instrument (Roche Di-
agnostics, cobas e411 analyzer, cobas e601 module). 

Statistical analysis

Data are reported as medians and interquartile 
ranges (IQR). Statistical analysis was performed us-
ing Statistica 13.1 (StatSoft. Inc., Tulsa, OK, USA). 
The Mann-Whitney test was used for paired com-
parisons. P < 0.05 was considered statistically sig-
nificant.

Results

Twenty-nine patients completed the study (26 
male, 3 female). One patient from the ERAS group 
was excluded due to a complication leading to tran-
sient myocardial ischemia. Median age was 66 (IQR: 
58–75) and 65.5 (IQR: 60–71) years, body mass in-
dex 27.7 (25–28.7) and 28.5 (27–31), Canadian Car-

diovascular Society (CCS) grading scale of angina 
pectoris was 3 (2–3) and 3 (2–3), NYHA (New York 
Heart Association) grading scale of heart failure was 
1 (1–2) and 1 (1–2), and ASA (American Society of 
Anesthesiologists) Physical State group 3 (3–3) and 
3 (3–3) in “standard care” and ERAS groups, respec-
tively (NS).

Anesthesia time was 4.1 (4–5) h in the “standard 
care” and 4.1 (3.2–4.2) h in the ERAS group (p = 0.2), 
and surgery time was 3.2 (2.4–3.4) h in the “stan-
dard care” group and 2.2 (2.1–3.4)  h in the ERAS 
group (p = 0.16).

Median time to extubation of the patient’s tra-
chea was 7.6 (5.5–12.5)  h and 1.7 (1–3.25)  h in 
“standard care” and ERAS groups, respectively (p = 
0.00002); therefore the principal objective of imple-
mentation of the ERAS Cardio protocol – shortening of 
respiratory support time – was achieved. The length 
of stay in the intensive care unit was also shorter 
for the patients in the ERAS group: 20.5 (18–24)  
vs. 48 (42–48) h (p = 0.00001). Time to hospital dis-
charge was 6 (5–7) days in ERAS group and 6 (6–10) 
days in the “standard care” group (p = 0.0507).

Preoperative hsTnT level was similar in “standard 
care” and “ERAS” groups: 13.59 (IQR: 8.12–27.4) 
ng/ml and 11.1 (9.88–26.15) ng/ml, respectively,  
p = 0.81 (NS), but postoperative troponin concentra-
tion taken in the morning of the first post-operative 
day was significantly lower in the ERAS group: 163.8 
(103.3–198.7) ng/ml vs. 305.4 (135.3–449.9) ng/ml 
in “standard care” group, p = 0.0014 (Figure 1). Tro-
ponin concentration in serum increased significantly 
less in patients in the ERAS group: an increase of 
151.8 (71.9–174.3) ng/ml compared with their coun-
terparts from the “standard care” group: an increase 
of 253.8 (126.6–373.1) ng/ml, p = 0.008 (Figure 2).

Neither postoperative troponin concentration nor 
the difference in troponin concentration between 
the post-operative and pre-operative value correlat-
ed with the number of grafts (r2 = 0.053 and 0.0012, 
respectively).

Serum lactate concentration, urea, creatinine 
and electrolytes did not differ between study groups.

Discussion 

This was a prospective, open-label, observational 
study aiming to compare the newly introduced ERAS 
Cardio protocol with the standard of care in patients 
undergoing OP-CABG. We have demonstrated sever-
al benefits associated with the use of the enhanced 
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Figure 1. High-sensitivity troponin-T (hsTnT) 
concentration in plasma on the first post-oper-
ative day in patients receiving standard care or 
postoperative care compatible with the institu-
tional ERAS Cardiac protocol
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recovery pathway in patients undergoing OP-CABG 
surgery including significantly shorter time of me-
chanical ventilation in the postoperative period and 
the ICU stay, as well as lower postoperative troponin T  
concentrations. 

General anesthesia with high doses of fentanyl 
seems to be the most commonly used analgesic op-
tion in a vast majority of cardiac patients worldwide 
[7–9]. Remifentanil, which is routinely used in ASA 
physical status groups III and IV, i.e. for bariatric sur-
gery, is infrequently chosen for patients undergoing 
cardiac surgery even though some researchers claim 
that it may be beneficial in several ways [10, 11]. In 
many patients anesthetized with high doses of fen-
tanyl, the trachea can be extubated on the next day 
after surgery only, which seems to be related, at least 
in part, to the long context-sensitive half-life (CSHL) 
of fentanyl, and opioid-induced respiratory depres-
sion. Remifentanil is metabolized rapidly by plasma 
esterases, and its CSHL is 3 min only; therefore opi-
oid-induced respiratory depression resolves almost 
immediately after discontinuation of remifentanil in-
fusion, enabling early tracheal extubation and thus 
shorter ICU stay. 

Regional techniques, such as epidural analgesia, 
are not performed routinely in patients undergoing 
cardiac surgery because of a  potential risk of epi-
dural hematoma formation due to systemic hepa-
rinization [12–14]. Bilateral continuous ESP block, 
as part of multimodal analgesia, has been shown to 
be effective for postoperative pain relief in cardiac 
patients undergoing sternotomy without such risk 
[13]. The decrease in time to tracheal extubation and 
ICU stay observed in the present study could also 
be associated with improved pain control provided 
by a  regional anesthesia technique. A  reduction in 
sympathetic nervous system activation in patients 
receiving bilateral ESP blocks compared with those 
who were not treated with regional anesthesia may 
partly explain the differences in high-sensitivity tro-
ponin T concentrations between groups. 

This study is a preliminary report only, and its ob-
vious imitations are the small sample size and lack 
of randomization. Moreover, beside bilateral ESP 
block, patients in the ERAS Cardio group had a dif-
ferent opioid than their counterparts from the stan-
dard care group. 

We hypothesize that the reduced intensity of 
painful stimuli from the operating site and a reduc-
tion in sympathetic nervous system activation in pa-

tients receiving remifentanil/sevoflurane anesthesia 
combined with the ESP blocks compared with those 
who had fentanyl/ sevoflurane anesthesia may con-
tribute to the lower postoperative troponin T con-
centration. Measuring plasma norepinephrine and 
epinephrine concentrations is required to confirm 
this hypothesis, since lower concentration of cate-
cholamines in plasma may explain the differences in 
troponin release between the study groups.

The applicability of the current findings requires 
further evaluation. 

Conclusions 

Modified perioperative treatment, using remifen-
tanil/sevoflurane anesthesia combined with the bi-
lateral ESP block, shortens the duration of mechan-
ical ventilation, decreases postoperative troponin T 
concentration in plasma and shortens the ICU stay 
of patients undergoing OP-CABG surgery. 
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