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Abstract: Background/Objectives: Enhanced recovery after surgery (ERAS) protocols
aim to improve clinical outcomes, shorten hospital length of stay (LOS), and reduce costs
through a multidisciplinary perioperative approach. Although introduced in colorectal
surgery, they are less established in cardiac surgery, especially in combination with on-table
extubation (OTE). This study evaluates the impact of a novel ERAS concept with OTE
(RERACS) in elective aortic-valve-replacement and coronary bypass surgery. Methods: In a
monocentric study, we compared a prospective RERACS-group (n = 114) to a retrospective
control group (n = 119) (TRIAL Registration (DRKS00031402). The RERACS concept
contained multiple perioperative treatment measures such as respiratory training, short
fasting, and OTE. The control group received standard care. Results: Primary endpoint:
postoperative LOS. Secondary measurements: length of postoperative vasoactive drug
support, duration of mechanical ventilation, complication rate, and patient satisfaction on
the second postoperative day. RERACS patients showed significantly shorter postoperative
length of stay (ICU: 40 ± 34 h vs. 56 ± 51 h, p = 0.005; hospital: 9 ± 4 d vs. 11 ± 6 d, p = 0.028),
lower nosocomial infection rates (24% vs. 40%), fewer cases of postoperative cognitive
dysfunction ((subsyndromal) delirium 40% vs. 57%), reduced nausea and vomiting (14.9%
vs. 32.8%), and faster weaning from catecholamines (22 ± 30 h vs. 42 ± 48 h, p < 0.001),
as well as high patient satisfaction. Conclusions: Our study indicated that an ERAS
concept with OTE is safe and associated with faster and improved recovery, including
lower catecholamine requirements, reduced LOS, and high patient satisfaction in low-risk
cardiac surgery.

Keywords: enhanced recovery after surgery (ERAS); on-table extubation; elective cardiac
surgery; cardiac anesthesia; nausea and vomiting; postoperative cognitive dysfunction;
patient satisfaction

1. Introduction
High-quality, resource-aware and individualized perioperative care is outcome-

relevant in the modern era of cardiac surgery [1]. Despite numerous surgical and technolog-
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ical advancements throughout the decades, postoperative complication rates remain of high
concern in major surgical interventions [2]. The Enhanced Recovery After Surgery (ERAS)-
Society aims to enhance and accelerate perioperative patient care. Originally focused solely
on colorectal surgery, the ERAS-Society now publishes and revises ERAS-guidelines for
many different fields of surgery [3,4].

In 2019 the first Enhanced Recovery After Cardiac Surgery (ERACS)-guidelines were
published, most importantly by the ERAS-Society [5], the French Society of Anesthesia and
Intensive Care [6], and an interdisciplinary expert consensus statement [7]. Although these
recommendations have been studied individually, there is still a lack of research on the
implementation of an entire ERAS-treatment-bundle in cardiac surgery. This might be due
to the fragile patient population with many older and highly comorbid individuals.

Recently, there has been a growing debate about the potential benefits of on-table
extubation (OTE) in cardiac surgical patients, particularly its role in enhancing clinical
outcomes [8–10] compared to the current recommendation of extubation within 6 h after
surgery. In the past decades, the use of high-dose opioids in patients undergoing cardiac
surgery imposed the need for postoperative overnight mechanical ventilation and led to a
relatively high incidence of respiratory complications as well as delays in neurocognitive
recovery [11]. Delayed extubation is performed for a multitude of reasons, such as concerns
about early postoperative bleeding and caution of combined respiratory and circulatory
failure. It is still not properly defined which factors contribute to beneficial OTE and in
which cases OTE might be unsuitable. Hence, part of this study was to assess the safety
and potential benefits of OTE as part of an ERACS-concept.

We hypothesized that implementing an ERACS-protocol with OTE in patients un-
dergoing elective coronary bypass and aortic valve replacement surgery would reduce
postoperative length of stay (LOS), improve clinical outcomes, and maintain patient safety
compared to the standard approach of delayed extubation. We postoperatively evaluated
patient satisfaction for clinical quality control using a structured questionnaire.

2. Materials and Methods
In a single-center study at the University Hospital of Regensburg, we compared a

prospective RERACS-group (n = 114) who underwent elective cardiac surgery between
April 2023 and 3 September 2024 adhering to the RERACS concept with a conventionally
treated retrospective control group (n = 119) from 1 July 2022 to 31 March 2023. The data
analysis used electronic patient files, including electronic patient data management systems
(Metavision vs. 6, SAP) and other medical records. Inclusion criteria were age 18–75 years,
elective coronary bypass surgery or aortic valve replacement surgery, body mass index
(BMI) 15–35 kg/m2, left ventricular function >30%, normal preoperative respiratory status
(O2 saturation >95% or paO2 > 70 mmHg), and pre- and postoperative cardiopulmonary
stability. Exclusion criteria were resurgery, emergency surgery, active endocarditis, high
risk of postoperative bleeding, and relevant comorbidities (e.g., chronic renal insufficiency
requiring dialysis, severe COPD (chronic obstructive pulmonary disease) severe liver
cirrhosis, New York Heart Association (NYHA) class IV).

Endpoints were the duration of intensive and intermediate care (LOS ICU, LOS IMC)
treatment and length of postoperative hospital stay (LOS hospital). Invasive mechanical
ventilation (IMV) time was defined as postoperative mechanical ventilation duration in the
intensive care unit (ICU) until extubation. Early extubation was defined as OTE performed in
the OR immediately following surgery. Duration of postoperative catecholamine therapy was
defined as the time from arrival to the ICU to the end of all inotrope or vasopressor support.
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For the detection of postoperative cognitive dysfunction, the nursing staff calculated
the Intensive Care Unit Delirium Screening Checklist (ICDSC) [12] once per shift. Likewise,
the Numeric Rating Scale (NRS) was evaluated once per nursing shift in the ICU.

For clinical quality assurance, patient satisfaction was evaluated with a structured
questionnaire [13]. It contained a total of 12 questions concerning areas of patient satisfac-
tion and the most common patient complaints after general anesthesia (i.e., postoperative
nausea and vomiting (PONV), shivering, sore throat, and postoperative cognitive dys-
function). Postoperative evaluation of patient satisfaction was first introduced within the
implementation of the RERACS concept and was not yet established in the retrospective
control group.

2.1. Study Protocol

In accordance with the recently agreed-upon guidelines by the ERAS-Society [5], the
French Society of Anesthesia and Intensive Care [6], and the interdisciplinary expert con-
sensus statement [7], we created the RERACS concept. It consists of three perioperative
treatment pillars (Figure 1): Before the surgery, the patient’s physiological status was op-
timized. During the operation, the surgical and anesthesiologic stressors were kept to a
minimum, and during the postsurgical phase, implemented measures empowered the pa-
tient to commence rehabilitative procedures and re-establish autonomy as early as possible.

Figure 1. Perioperative treatment concept for RERACS-group.

2.1.1. Preoperative Optimization

The goal of preoperative patient optimization was to increase muscular fitness and
respiratory function before the surgical intervention [14,15]. From the beginning, the patient
was integrated into the treatment process to actively contribute to pre- and rehabilitation.
As part of the RERACS study patients were introduced to respiratory training exercises
presurgery that recommenced postsurgery (hourly training of max. inspiration with a
respiratory trainer (COACH)). The instructions for COACH usage and testing of patient
compliance were performed at random by the principal investigator, a doctoral candidate,
or ward staff. Another principal element of preoperative optimization was minimizing
preoperative fasting periods. Patients consumed solids up to 6 h before surgery. Up to
2 h before induction of anesthesia patients consumed clear (sweetened) liquids (one glass
(350 mL) of sweetened tea). Sedating premedication was avoided.
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2.1.2. Intraoperative Management

During surgery, anesthesiologic and surgical invasiveness were kept to a minimum,
and measures were implemented to enhance the patients’ postoperative comfort. Intra-
operative anesthesia management was based on previously published ERAS-concepts,
the S3-guidelines for analgesia, sedation, and delirium management in intensive care
medicine [16], and in-house standards. Necessary preoperative parameters consisted of
normal respiratory status with an O2 saturation of >95% or PaO2 > 70 mmHg on arterial
blood gas analysis with room air. After induction of general anesthesia with a sufentanil
bolus (0,5 µg/kg ABW), propofol (1–2 mg/kg ABW), and rocuronium (0.6 mg/kg ABW),
narcosis was maintained with sevoflurane (0.7–0.9 MAC), dexmedetomidine starting at
CPB (40–80 µg/h), and remifentanil (0.2–0.75 µg/kg/h). OR staff used standard monitor-
ing, including electrocardiogram, O2 saturation, temperature, invasive blood pressure, and
online central venous pressure monitoring. A lung-protective ventilation bundle consisting
of low tidal volume ventilation, a PEEP ≥5cm H2O, and a driving pressure <16 cm H2O
was applied. The usage of a remifentanil-infusion pump, sufentanil boluses (max. dosage
1 µg/kg ABW for the entire surgery), 1 g metamizole, and parasternal wound infiltration
(20 mL ropivacaine 7.5 mg/mL) in accordance with multimodal analgesia enabled pain-free
awakening. PONV prophylaxis consisted of dexamethasone (4–8 mg) and ondansetron
(4 mg). After weaning of CPB a recruitment maneuver to prevent atelectasis was conducted.
The target core temperature was 36 ◦C or higher. In each instance, the decision of OTE or
delayed extubation was created collaboratively by the team based on factors like the course
of the surgical procedure and the patient’s hemodynamic situation. If the OTE criteria
were met (cardiopulmonary stability, dry situs, no operative concerns), the patient was
extubated and then moved to the ICU.

2.1.3. Postoperative Measures

After moving the patient to the ICU, the respiratory training that was introduced
presurgery recommenced as soon as possible. If required, noninvasive ventilation (NIV)
was introduced. Oral fluid or water ice intake commenced within 6 h after extubation,
and a full diet started on the first day after surgery. Another important aspect of the
postoperative pillar was the early detection and treatment of postoperative cognitive dys-
function. For detection, both study groups underwent the ICDSC, which was routinely
calculated once per nursing shift. Nonpharmacological strategies included early mobiliza-
tion (within 6 h after surgery), pain management, avoidance of benzodiazepines, patient
reorientation, cognitive stimulation, reduction of hearing and/or visual impairment, use of
clocks/calendars, and the promotion of a normal sleep-wake circadian pattern. Another
parameter that was routinely evaluated once per shift in the ICU is the NRS. A multimodal
opioid-sparing analgesic regimen is essential for an early and successful recovery and
consists of a continuation of the intraoperatively initiated analgesia following in-house
standards. Furthermore, the timely removal of chest tubes and catheters was an important
element of the postoperative pillar. The ICU team formally assessed the necessity daily
and removed indwelling catheters and chest tubes as early as possible. For clinical quality
assurance, patient satisfaction was evaluated with a structured questionnaire [13] on the
second postoperative day.

2.2. Control Group

The control group received perioperative standard care (Table 1). Induction of anes-
thesia in the control group was conducted via sufentanil (1 µg/kg), propofol (1–2 mg/kg),
and rocuronium (1 mg/kg). We handled the maintenance phase using sevoflurane and
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intravenous infusion of sufentanil (1 µg/kg/h). Patients in the control group were sedated
with propofol (3 mg/kg/h) during transfer and until extubation in the ICU.

Table 1. Differences between conventional and RERACS concept. ABW: absolute body weight; NIV:
noninvasive ventilation; ICDSC: intensive care delirium screening checklist; NRS: numeric rating scale.

RERACS-Group n = 114 Control Group n = 119

Preoperative management Patient education: respiratory training, optimal fasting,
no sedating premedication Usual informed consent

Induction of anesthesia Sufentanil bolus (0.5 µg/kg ABW), Propofol (1 mg/kg
ABW), Rocuronium (0.5 mg/kg ABW)

Sufentanil bolus (1 µg/kg ABW), propofol
(1–2 mg/kg ABW), rocuronium (1 mg/kg ABW)

Intraoperative
anesthesiologic management

Sevoflurane (0.7–0.9 MAC), remifentanil-infusion pump
(0.5 µg/kg ABW/min), dexmedetomidin (40–80 µg/h)
Sufentanil boluses (max. dosage 1 µg/kg ABW for the

entire surgery), 1 g metamizole, parasternal wound
infiltration (20 mL ropivacaine 7.5 mg/mL)

Sevoflurane (0.7–0.9 MAC)
Sufentanil-infusion pump (1 µg/kg ABW/h)

PONV-Prophylaxis Dexamethasone 4–8 mg
Ondansetron 4 mg none

Extubation On-table extubation After weaning in the ICU

Postoperative Management

Intensive respiratory training, NIV/high-flow if required
Mobilization <6 h

Oral nutrition <6 h
Delirium screening (ICDSC) and management

NRS-Screening and multimodal analgesia
Early removal of chest drains and catheters
Evaluation of patient satisfaction on the 2nd

postoperative day

Delirium screening (ICDSC) and management
NRS-Screening

2.3. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics 28 (SPSS Inc.: Chicago,
IL, USA). The biometric planning for group size was based on previously published
measurements (mean values and standard deviation) and existing hospital data. The
power calculation was carried out using the freeware statistical analysis program G*Power
3.1.9.7 (Heinrich Heine Universitty, Düsseldorf, Germany). The effect size d between
the comparison groups was calculated by comparing the means and standard deviations
in G*Power. The group size n was estimated using the nonparametric test method for
2 independent samples. The alpha error was assumed to be 0.05 and the beta error to be 0.8.
The two-sided test was carried out using the Mann–Whitney U test. Based on this, a group
size of n = 50 was calculated. Assuming a dropout rate of 20%, this results in a sample size
of n = 60 per study group.

The treatment group ultimately included 114 patients and the control group
119 patients. This minor deviation is not expected to substantially impact the statistical
power or validity of the study.

Descriptive statistics are reported as mean ± standard deviation (SD) for normally
distributed continuous variables or as median with interquartile range (IQR) for skewed
variables. In the exploratory data analysis, differences between the treatment groups were
assessed using a two-sample t-test or, for skewed data, nonparametric Mann–Whitney
tests. To analyze frequencies, either the chi-square test or Fisher’s exact test was used. The
significance level was set to p < 0.05.

3. Results
For the control group, 119 patients meeting the inclusion/exclusion criteria during the

data collection period of 1 July 2022–31 March 2023 were identified. The RERACS-group
contained all patients treated according to the RERACS-protocol from 1 April 2023 to
3 September 2024.

In total, 233 patients were included in the study. Thirty-two ERACS patients had to
be excluded (Figure 2). Considering the failure of timely extubation of 20 patients in the
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RERACS group (one patient due to severe OSAS with a difficult airway and 19 due to high
risk of postoperative bleeding or cardiopulmonary instability), we compared 114 RERACS
patients with 119 controls.

Figure 2. Patient selection flow.

3.1. Primary Results

Table 2 demonstrates a comprehensive list of preoperative and intraoperative charac-
teristics of the participants that could act as potential confounders. Importantly, general
variables of the RERACS group did not differ significantly from those of the control group.
Furthermore, there were no significant differences between the two groups regarding Eu-
roScore II, age, gender, BMI, total surgery time, and CPB time, which supports a balanced
analysis and reduces the risk of bias. The difference in ASA scores was deemed negligible
due to the overall comparability of other relevant parameters.
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Table 2. Patient population.

Parameter RERACS-Group (n = 114) Control Group (n = 119) p-Value

EuroScore II 1.21 ± 0.63; 0.98 (3.36) 1.29 ± 0.98; 0.95 (5.60) 0.558
ASA-Score 3.66 ± 0.52; 4.00 (3) 3.84 ± 0.39; 4.00 (2) 0.006
Male sex 91.2 (104) 85.7 (102) 0.189

Age (years) 64 ± 9; 65 (52) 65 ± 8; 65 (39) 0.146
BMI (kg/m2) 27.5 ± 3.7; 27.3 (19.2) 27.4 ± 3.5; 27.3 (15.2) 0.381

Preoperative Ejection
Fraction (%) 56 ± 9; 59 (53) 56 ± 8; 58 (38) 0.312

Arterial hypertonus 65.8 (75) 72.3 (86) 0.285
Diabetes mellitus 22.8 (26) 20.2 (24) 0.624
Atrial fibrillation 11.4 (13) 6.7 (8) 0.212

Heart block 6.1 (7) 3.4 (4) 0.317
AVR 28.1 (32) 24.4 (29) 0.521
ACB 71.1 (81) 75.6 (90) 0.429

Operation time (min) 196 ± 40; 192 (227) 210 ± 51; 201 (310) 0.165
CPB time (min) 92 ± 24; 90 (109) 96 ± 29; 94 (162) 0.363

Time until OR exit (min) 21 ± 8; 19 (55) 15 ± 5; 14 (39) <0.001
Data presented as the mean ± SD and median (range) or in percentage/parameter counts (n). AVR: aortic valve
replacement; ACB: aortocoronary bypass; MIC: minimally invasive cardiac surgery; ITA: internal thoracic artery;
CPB: cardiopulmonary bypass; OR: operating room.

Table 3 and Figure 3 show ICU-LOS (40 ± 24 h RERACS vs. 56 ± 51 h control group,
p = 0.005), IMC-LOS (82 ± 69 h RERACS vs. 104 ± 79 h control group, p = 0.042), and LOS
hospital (9 ± 4 d RERACS vs. 11 ± 6 d control group, p = 0.028) were significantly shorter
in RERACS patients compared to the control group.

Table 3. ICU-, IMC- and total length of stay.

Parameter RERACS-Group (n = 114) Control Group (n = 119) p-Value

ICU-LOS (h) 40 ± 34; 24 (172) 56 ± 51; 40 (346) 0.005
IMC-LOS (h) 82 ± 69; 73 (386) 104 ± 79; 84 (433) 0.042

Postoperative hospital LOS (d) 9 ± 4; 8 (23) 11 ± 6; 9 (50) 0.028
Data presented as the mean ± SD and median (range) or in percentage/parameter counts (n). LOS: length of stay.

Figure 3. Mean duration of intensive care therapy (LOS ICU), intermediate care therapy (IMC LOS),
length of postoperative hospital stay (LOS hospital), catecholamine dependency, and time until OR
exit in RERACS and control group. * p < 0.05 ** p < 0.001.
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3.2. Secondary Results

As Table 4 shows RERACS patients showed significantly faster weaning from cat-
echolamine therapy compared to the control group (22 ± 30 h RERACS vs. 42 ± 48 h
control group, p < 0.001). Postoperative noninvasive ventilation duration showed no sig-
nificant difference in RERACS patients compared to the control group (427 ± 1201 min
RERACS vs. 738 ± 1989 min control group, p = 0.914). No difference was observed in the
percentage of patients who required NIV (26.3% RERACS vs. 25.2% control). IMV during
postoperative intensive care treatment occurred in one RERACS patient for 1045 min due
to a redo-operation for hemostasis (IMV time (min) 720 ± 822 control group, p < 0.001).
Reintubation due to respiratory complications occurred in two control patients and once in
the RERACS group.

Table 4. Ventilation times and catecholamine dependency.

Parameter RERACS-Group (n = 114) Control Group (n = 119) p-Value

Percentage of patients
receiving postoperative IMV 1 (1) 100 (119) <0.001

IMV time (min) 1 px, 1045 min 720 ± 822; 494 (7252) <0.001
Percentage of patients

requiring NIV 26.3 (30) 25.2 (30) 0.816

NIV time (min) 427 ± 1201; 0 (5783) 738 ± 1989 (14717) 0.914
Postoperative

catecholamine dependency (h) 22 ± 30; 12 (159) 42 ± 48; 24 (285) <0.001

Postoperative
oxycodone requirements 23 ± 16; 21 (115) 22 ± 13; 20 (56) 0.524

Data presented as the mean ± SD and median (range) or in percentage/parameter counts (n). IMV: invasive
mechanical ventilation NIV: noninvasive ventilation. In the RERACS group, one patient received IMV for
1045 min. Redo-operations required the patient to go back to the OR under general anesthesia, e.g., for hemostasis,
whereas reinterventions were conducted via a cardiac catheter.

As seen in Table 5 the total rate of postoperative complications was lower in the
RERACS group (62.3% RERACS vs. 82.4% control group), especially regarding the inci-
dence of postoperative cognitive dysfunction (39.5% RERACS vs. 57.1% control group,
evaluated with ICDSC), nosocomial infections (23.7% RERACS vs. 40.3% control group),
and decrease in cardiac and respiratory complications, as well as PONV (14.9% RERACS
vs. 32.8% control group). The number of patients with an NRS ≥ 4 and the postopera-
tive oxycodone requirements did not differ substantially between the RERACS and the
control group.

Table 5. Postoperative complications.

Parameter RERACS-Group (n = 114) Control Group (n = 119) p-Value

Postoperative complication
rate total 62.3 (71) 82.4 (98) <0.001

Postoperative new
atrial fibrillation 21.1 (24) 26.1 (31) 0.410

Nosocomial infection 23.7 (27) 40.3 (48) 0.008
Unplanned reintubation 0.9 (1) 1.7 (2) 0.168

Unplanned redo-operation 2.6% (3) 8.4 (10) 0.059
Unplanned reintervention 0.9 (1) 5.0 (6) 0.030

Nausea and vomiting 14.9 (17) 32.8 (39) 0.002
(subsyndromal) delirium 39.5 (45) 57.1 (68) 0.008

Other 2.6 (3) 9.2 (11)
Pain NRS > 4 63.2 (72) 62.2 (74) 0.809

Data presented as the mean ± SD and median (range) or in percentage/parameter counts (n). NRS: numeric
rating scale.

3.3. Other Results and Analysis

For clinical quality assurance, patient satisfaction was evaluated with a structured
questionnaire (Table 6). It contained a total of nine questions concerning areas of patient
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satisfaction and the most common patient complaints after general anesthesia (PONV,
shivering, sore throat, postoperative cognitive dysfunction). Patients indicated if statements
such as: “I was satisfied with the preoperative patient information”,“I experienced a sore
throat or hoarseness after waking up”, and “the administered pain therapy was completely
sufficient” was applied completely, somewhat, hardly, or did not apply. Notably, complaints
of sore throat/hoarseness (10.5% applies completely), nausea and vomiting (6.3% applies
completely), and shivering (1.1% applies completely) were low. Additionally, 90.5% of
patients reported pain therapy to be completely sufficient.

Table 6. Patient satisfaction.

Question Topic Patient Reply

Applies Completely Applies Somewhat Applies Hardly Does Not Apply

Satisfied with preoperative patient information 100 (95) 0 (0) 0 (0) 0 (0)
Sore throat/Hoarseness 10.5 (10) 13.7 (13) 14.7 (14) 62.1 (59)

Nausea/Vomiting 6.3 (6) 9.5 (9) 6.3 (6) 77.9 (74)
Shivering 1.1 (1) 3.2 (3) 4.2 (4) 91.6 (87)

Pain therapy was completely sufficient 90.5 (86) 6.3 (6) 1.1 (1) 2.1 (2)
Pain outside surgical site 6.3 (6) 4.2 (4) 7.4 (7) 81.1 (77)

Friendliness of staff 96.8 (92) 1.1 (1) 1.1 (1) 1.1 (1)
Satisfied with quality of patient care 100 (95) 0 (0) 0 (0) 0 (0)

Perceptions during anesthesia 0 (0) 2.1 (2) 0 (0) 97.9 (93)
Delirium/confusion 11.6 (11) 10.5 (10) 10.5 (10) 67.4 (64)

Data presented as percentage/parameter counts.

4. Discussion
The RERACS study aimed to examine the effects of implementing an ERACS concept

with OTE versus the traditional approach to delayed extubation in the ICU. Key findings
were a reduction in postoperative LOS and complications, especially delirium and PONV.
These findings went hand in hand with significantly shorter catecholamine times and high
patient satisfaction.

4.1. Prehabilitation

The cornerstone elements of prehabilitation were inspiratory muscle training and
optimized fasting. Cardiac surgery induces a systemic inflammatory response associated
with increased oxygen consumption in the immediate postoperative period. Patients with
poor cardiopulmonary reserve are less able to sustain these increased demands, leading to
avoidable morbidity and mortality. In patients awaiting cardiac surgery, inspiratory muscle
training leads to a decrease in postoperative complications and hospital LOS [14]. This
is consistent with our findings, which demonstrate faster pulmonary recuperation seen
through shorter NIV time and LOS.

Ljungqvist et al. [17] and Järvelä et al. [18] have shown that carbo-loading (350 mL of
a drink high in carbohydrates, e.g., sweetened tea) improved insulin resistance and glucose
regulation as well as early onset of gastrointestinal function. This did not cause a higher
risk of aspiration [18].

4.2. OTE

Early extubation (within 6 h) has become a standard component of ERAS protocols in
cardiac surgery, but the rate of OTE differs across centers. In our study, the attempt at OTE
only failed in one patient with severe OSAS and a difficult airway.

Longer invasive ventilation times are associated with a higher rate of ventilation-
associated pneumonia, dysphagia, and longer hospital LOS, as well as higher morbidity
and mortality [19,20], and there is some evidence suggesting that OTE after noncomplex
on-pump surgery is a feasible option. Badhwar et al. [8] performed OTE in 165 out of
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652 diverse cardiac surgery patients and found that OTE following cardiac surgery was not
only safe but also improved outcomes and lowered costs. Our study further substantiated
these findings through lowered complication rates, especially in nosocomial infection,
cognitive dysfunction, and postoperative nausea and vomiting, as well as significantly
shorter ICU-, IMC-, and hospital-LOS.

4.3. Delirium

Delirium in the postoperative phase of cardiac surgical care occurs in all ages, affecting
between 20% and 80% of patients [20,21]. Since this is associated with higher morbidity
and mortality [22], delirium avoidance, detection, and treatment are of utmost importance.
For detection, both study groups underwent the ICDSC [11], which is routinely calculated
once per nursing shift. Fast-track concepts and a sedative-sparing regimen appear to lower
the incidence of delirium [23–25]. To further reduce the incidence of delirium, RERACS
patients were enabled to regain time and place orientation as early as possible thanks to
the adapted anesthesia regime with OTE and the usage of glasses or hearing aids.

4.4. PONV

PONV is similarly detrimental to patient satisfaction following surgery as poorly
managed pain [26]. Reports of PONV show frequencies varying between 20% and 70%,
which is indicative of the multitude of risk factors [27]. In the present study, we could
demonstrate that medicative prophylaxis with dexamethasone and opioid-sparing multi-
modal pain management led to a 20% reduction in the incidence of PONV. This is consistent
with previous prospective randomized studies [28] where Champion et al. demonstrated
a significant 26% reduction in PONV through the usage of prophylaxis and a significant
correlation between pain and PONV.

4.5. Pain

Pain results in detrimental physiological responses that may lead to postoperative
complications, poor patient experience, and increased risk of chronicity, making it a stan-
dard metric for quality of recovery [29]. Opioid-based analgesia has historically held a
primary role in the perioperative care of cardiac surgical patients [30]. Although effec-
tive in providing analgesia, opioids have numerous adverse effects that impede recovery
and create a negative patient experience [31]. Multimodal opioid-sparing analgesia has
been shown to reduce opioid requirements, facilitate early extubation, and contribute to
a shorter length of stay [32], which is in accordance with the results of our present study.
RERACS patients showed high satisfaction with pain therapy and postoperative oxycodone
requirements equal to the control group. Especially sore throat was perceived as unpleasant
and affected postoperative satisfaction. Given the relatively high incidence of vocal cord
injury associated with cardiac surgery, it may be advisable for programs to standardize
postoperative screening for oropharyngeal injury and dysphagia, particularly in high-risk
patients [19,33].

4.6. LOS

As a proxy for morbidity, we chose the duration of intensive care treatment and hos-
pital length of stay. ICU treatment and LOS were both significantly shorter in RERACS
patients compared to the control group. To further evaluate intensive care therapy, we
examined the duration of postoperative catecholamine dependency. RERACS patients
required catecholamine therapy for significantly shorter periods of time, suggesting a more
stable cardiovascular situation. Additionally, the study demonstrated that the enhanced
recovery process goes hand in hand with high patient satisfaction in postoperative eval-
uation. As shown in previous studies, the reduced morbidity and LOS also led to “an
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overall >20% cost reduction [. . .] associated with OR extubation compared with early ICU
extubation” despite the cost of additional pre- and rehabilitation [8].

4.7. Challenges During Implementation

The main challenges during implementation were caused by the adjustment of staff
to the updated workflow and cautiousness during initial implementation and increased
drop-out rates. Regular team discussions, clear communication, and the emphasis on
interdisciplinary cooperation proved to be essential in ensuring the protocol’s successful
implementation. Another factor was organizational circumstances like limited ERACS-
trained staff availability. Additionally, a specific patient-related challenge arose when OTE
failed in one patient due to severe OSAS, suggesting that the protocol should be adapted
on an individual basis.

5. Limitations of the Study
The present study faced some limitations. For one, this was an analysis of the first

patients that entered our RERACS program compared to a retrospective cohort of standard
care with all known limitations of such a study design. Additionally, since this was a single-
center study, it does not allow for any generalization. In addition, since the studied patients
were not randomized, we cannot rule out that some of the differences are due to selection
bias. However, since both studied groups were comparable in age and preoperative
risk factors, we are convinced that the differences are primarily driven by the positive
effects of the RERACS program with OTE leading to enhanced recovery. The study design
allowed for an observation of patients in a relatively short timeframe, reducing the risk of
bias. Future studies should include randomized controlled trials and the expansion to a
multicenter level as well as the evaluation of patient satisfaction in both the control and
study groups to further validate these results. We also recommend future studies on cost
and resource implications.

6. Conclusions and Implications
The RERACS concept improved patient outcomes, particularly by reducing postopera-

tive cognitive dysfunction, cardiac and pulmonary complications, and nausea/vomiting.
Our study indicated that, in elective cardiac surgery, OTE is safe as part of an ERACS pro-
tocol and leads to an improved recovery process, including shorter LOS, earlier weaning
from catecholamines, and high patient satisfaction. The concept has been shown to not
only enhance the patients’ recovery but also has the potential to reduce hospital costs and
improve resource allocation due to shorter LOS and lower morbidity.

Author Contributions: Formal Analysis, A.W. and H.C.; investigation, A.W., H.C., J.R., M.C., B.G.,
M.F., S.B., A.S., B.F. and C.S.; visualization, A.W. and H.C.; writing—original draft, A.W. and D.B.;
writing—review and editing, A.W., M.T., M.A. and C.S.; resources, J.R., M.C., B.G., M.F., S.B., A.S.,
B.F. and C.S.; supervision, D.B.; project administration, D.B.; conceptualization, D.B.; methodology,
D.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of University Hospital Regensburg (ethics vote:
EA 23-3270-101 and 1 March 2023. The study was registered at Clinical Trials (ID: DRKS00031402).

Informed Consent Statement: Informed consent was obtained from patients in the study group.
Patient consent was waived in the control group because no identifying data was collected.

Data Availability Statement: The data presented in this study is available on request from the
corresponding authors.



J. Clin. Med. 2025, 14, 352 12 of 13

Acknowledgments: We would like to acknowledge the operating room staff and ICU team for their
critical support in the implementation of the ERACS protocol.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Baehner, T.; Pruemm, P.; Vergnat, M.; Asfour, B.; Straßberger-Nerschbach, N.; Kirfel, A.; Hamann, M.; Mayr, A.; Schindler, E.;

Velten, M.; et al. Effects of on-Table Extubation after Pediatric Cardiac Surgery. J. Clin. Med. 2022, 11, 5186. [CrossRef]
2. Dencker, E.E.; Bonde, A.; Troelsen, A.; Varadarajan, K.M.; Sillesen, M. Postoperative complications: An observational study of

trends in the United States from 2012 to 2018. BMC Surg. 2021, 21, 393. [CrossRef]
3. Ljungqvist, O.; Young-Fadok, T.; Demartines, N. The History of Enhanced Recovery After Surgery and the ERAS Society. J.

Laparoendosc. Adv. Surg. Tech. A 2017, 27, 860–862. [CrossRef]
4. Ljungqvist, O.; Francis, N.K.; Urman, R.D. (Eds.) Enhanced Recovery After Surgery: A Complete Guide to Optimizing Outcomes;

Springer: Berlin/Heidelberg, Germany, 2020.
5. Engelman, D.T.; Ben Ali, W.; Williams, J.B.; Perrault, L.P.; Reddy, V.S.; Arora, R.C.; Roselli, E.E.; Khoynezhad, A.; Gerdisch, M.;

Levy, J.H.; et al. Guidelines for Perioperative Care in Cardiac Surgery: Enhanced Recovery After Surgery Society Recommenda-
tions. JAMA Surg. 2019, 154, 755–766. [CrossRef]

6. Mertes, P.-M.; Kindo, M.; Amour, J.; Baufreton, C.; Camilleri, L.; Caus, T.; Chatel, D.; Cholley, B.; Curtil, A.; Grimaud, J.-P.; et al.
Guidelines on enhanced recovery after cardiac surgery under cardiopulmonary bypass or off-pump. Anaesth. Crit. Care Pain Med.
2022, 41, 101059. [CrossRef]

7. Grant, M.C.; Crisafi, C.; Alvarez, A.; Arora, R.C.; Brindle, M.E.; Chatterjee, S.; Ender, J.; Fletcher, N.; Gregory, A.J.; Gunaydin,
S.; et al. Perioperative Care in Cardiac Surgery: A Joint Consensus Statement by the Enhanced Recovery After Surgery (ERAS)
Cardiac Society, ERAS International Society, and The Society of Thoracic Surgeons (STS). Ann. Thorac. Surg. 2024, 117, 669–689.
[CrossRef]

8. Badhwar, V.; Esper, S.; Brooks, M.; Mulukutla, S.; Hardison, R.; Mallios, D.; Chu, D.; Wei, L.; Subramaniam, K. Extubating in the
operating room after adult cardiac surgery safely improves outcomes and lowers costs. J. Thorac. Cardiovasc. Surg. 2014, 148,
3101–3109. [CrossRef]

9. Camp, S.L.; Stamou, S.C.; Stiegel, R.M.; Reames, M.K.; Skipper, E.R.; Madjarov, J.; Velardo, B.; Geller, H.; Nussbaum, M.; Geller, R.;
et al. Can timing of tracheal extubation predict improved outcomes after cardiac surgery? HSR Proc. Intensive Care Cardiovasc.
Anesth. 2009, 1, 39–47. [PubMed] [PubMed Central]

10. Werner, A.S.; Foltan, M.; Creutzenberg, M.; Graf, B.M.; Stadlbauer, A.; Tafelmeier, M.; Arzt, M.; Floerchinger, B.; Schmid, C.;
Bitzinger, D. Does an Enhanced Recovery After Cardiac Surgery Protocol with On-Table Extubation Improve Patient Outcome
and Satisfaction? J. Cardiothorac. Vasc. Anesth.. 2024, Online ahead of print. [CrossRef]

11. Meade, M.O.; Guyatt, G.; Butler, R.; Elms, B.; Hand, L.; Ingram, A.; Griffith, L. Trials comparing early vs late extubation following
cardiovascular surgery. Chest 2001, 120, 445S–453S. [CrossRef]

12. Bergeron, N.; Dubois, M.J.; Dumont, M.; Dial, S.; Skrobik, Y. Intensive Care Delirium Screening Checklist: Evaluation of a new
screening tool. Intensive Care Med. 2001, 27, 859–864. [CrossRef]

13. Schüller, M.; Ghezel-Ahmadi, V.; Messroghli, L.; Beck, G.; Weinke, T.; Ghezel-Ahmadi, D. Steigerung der anästhesiologischen
Ergebnisqualität durch standardisierte Patientenbefragung. Enhancing the quality of anaesthesiological results with standardised
patient surveys. Anästh. Intensiv. 2022, 63, 442–453. [CrossRef]

14. Marmelo, F.; Rocha, V.; Moreira-Gonçalves, D. The impact of prehabilitation on post-surgical complications in patients undergoing
non-urgent cardiovascular surgical intervention: Systematic review and meta-analysis. Eur. J. Prev. Cardiol. 2018, 25, 404–417.
[CrossRef]

15. Sawatzky, J.-A.V.; Kehler, D.S.; Ready, A.E.; Lerner, N.; Boreskie, S.; Lamont, D.; Luchik, D.; Arora, R.C.; Duhamel, T.A.
Prehabilitation program for elective coronary artery bypass graft surgery patients: A pilot randomized controlled study. Clin.
Rehabil. 2014, 28, 648–657. [CrossRef]

16. Bellgardt, M.; Bürkle, H.; Heymann, A.; Horter, J.; Kleinschmidt, S.; Müller, A.; Müller-Brandes, C.; Putensen, C.; Spies, C.;
Schallner, N.; et al. Leitlinie Analgesie, Sedierung und Delirmanagement in der Intensivmedizin (DAS-Leitlinie 2020) 2020, 1–12.
Available online: https://register.awmf.org/assets/guidelines/001-012l_S3_Analgesie-Sedierung-Delirmanagement-in-der-
Intensivmedizin-DAS_2021-08.pdf (accessed on 29 September 2024).

17. Ljungqvist, O. Modulating postoperative insulin resistance by preoperative carbohydrate loading. Best Pract. Res. Clin.
Anaesthesiol. 2009, 23, 401–409. [CrossRef]

18. Järvelä, K.; Maaranen, P.; Sisto, T. Pre-operative oral carbohydrate treatment before coronary artery bypass surgery. Acta
Anaesthesiol. Scand. 2008, 52, 793–797. [CrossRef]

https://doi.org/10.3390/jcm11175186
https://doi.org/10.1186/s12893-021-01392-z
https://doi.org/10.1089/lap.2017.0350
https://doi.org/10.1001/jamasurg.2019.1153
https://doi.org/10.1016/j.accpm.2022.101059
https://doi.org/10.1016/j.athoracsur.2023.12.006
https://doi.org/10.1016/j.jtcvs.2014.07.037
https://www.ncbi.nlm.nih.gov/pubmed/23439795
https://pmc.ncbi.nlm.nih.gov/articles/PMC3484547
https://doi.org/10.1053/j.jvca.2024.11.002
https://doi.org/10.1378/chest.120.6_suppl.445S
https://doi.org/10.1007/s001340100909
https://doi.org/10.19224/ai2022.442
https://doi.org/10.1177/2047487317752373
https://doi.org/10.1177/0269215513516475
https://register.awmf.org/assets/guidelines/001-012l_S3_Analgesie-Sedierung-Delirmanagement-in-der-Intensivmedizin-DAS_2021-08.pdf
https://register.awmf.org/assets/guidelines/001-012l_S3_Analgesie-Sedierung-Delirmanagement-in-der-Intensivmedizin-DAS_2021-08.pdf
https://doi.org/10.1016/j.bpa.2009.08.004
https://doi.org/10.1111/j.1399-6576.2008.01660.x


J. Clin. Med. 2025, 14, 352 13 of 13

19. Barker, J.; Martino, R.; Reichardt, B.; Hickey, E.J.; Ralph-Edwards, A. Incidence and impact of dysphagia in patients receiving
prolonged endotracheal intubation after cardiac surgery. Can. J. Surg. 2009, 52, 119–124.

20. Brown, C.H. Delirium in the cardiac surgical ICU. Curr. Opin. Anaesthesiol. 2014, 27, 117–122. [CrossRef]
21. Kotfis, K.; Marra, A.; Ely, E.W. ICU delirium—A diagnostic and therapeutic challenge in the intensive care unit. Anaesthesiol.

Intensive Ther. 2018, 50, 128–140. [CrossRef]
22. Rajakaruna, C.; Rogers, C.A.; Angelini, G.D.; Ascione, R. Risk factors for and economic implications of prolonged ventilation

after cardiac surgery. J. Thorac. Cardiovasc. Surg. 2005, 130, 1270–1277. [CrossRef]
23. Ender, J.; Borger, M.A.; Scholz, M.; Funkat, A.K.; Anwar, N.; Sommer, M.; Mohr, F.W.; Fassl, J. Cardiac surgery fast-track treatment

in a postanesthetic care unit: Six-month results of the Leipzig fast-track concept. Anesthesiology 2008, 109, 61–66. [CrossRef]
[PubMed]

24. Jia, Y.; Jin, G.; Guo, S.; Gu, B.; Jin, Z.; Gao, X.; Li, Z. Fast-track surgery decreases the incidence of postoperative delirium and other
complications in elderly patients with colorectal carcinoma. Langenbecks Arch. Surg. 2014, 399, 77–84. [CrossRef] [PubMed]

25. Pereira, J.V.; Sanjanwala, R.M.; Mohammed, M.K.; Le, M.L.; Arora, R.C. Dexmedetomidine versus propofol sedation in reducing
delirium among older adults in the ICU: A systematic review and meta-analysis. Eur. J. Anaesthesiol. 2020, 37, 121–131. [CrossRef]

26. Myles, P.S.; Williams, D.L.; Hendrata, M.; Anderson, H.; Weeks, A.M. Patient satisfaction after anaesthesia and surgery: Results of
a prospective survey of 10,811 patients. Br. J. Anaesth. 2000, 84, 6–10. [CrossRef]

27. Grebenik, C.R.; Allman, C. Nausea and vomiting after cardiac surgery. Br. J. Anaesth. 1996, 77, 356–359. [CrossRef] [PubMed]
28. Champion, S.; Zieger, L.; Hemery, C. Prophylaxis of postoperative nausea and vomiting after cardiac surgery in high-risk patients:

A randomized controlled study. Ann. Card. Anaesth. 2018, 21, 8–14. [CrossRef]
29. Zubrzycki, M.; Liebold, A.; Skrabal, C.; Reinelt, H.; Ziegler, M.; Perdas, E.; Zubrzycka, M. Assessment and pathophysiology of

pain in cardiac surgery. J. Pain Res. 2018, 11, 1599–1611. [CrossRef]
30. Kwanten, L.E.; O’Brien, B.; Anwar, S. Opioid-Based Anesthesia and Analgesia for Adult Cardiac Surgery: History and Narrative

Review of the Literature. J. Cardiothorac. Vasc. Anesth. 2019, 33, 808–816. [CrossRef]
31. Paul, A.K.; Smith, C.M.; Rahmatullah, M.; Nissapatorn, V.; Wilairatana, P.; Spetea, M.; Gueven, N.; Dietis, N. Opioid Analgesia

and Opioid-Induced Adverse Effects: A Review. Pharmaceuticals 2021, 14, 1091. [CrossRef]
32. Barr, L.F.; Boss, M.J.; Mazzeffi, M.A.; Taylor, B.S.; Salenger, R. Postoperative Multimodal Analgesia in Cardiac Surgery. Crit. Care

Clin. 2020, 36, 631–651. [CrossRef]
33. Plowman, E.K.; Chheda, N.; Anderson, A.; York, J.D.; DiBiase, L.; Vasilopoulos, T.; Arnaoutakis, G.; Beaver, T.; Martin, T.; Bateh,

T.; et al. Vocal Fold Mobility Impairment After Cardiovascular Surgery: Incidence, Risk Factors, and Sequela. Ann. Thorac. Surg.
2021, 112, 53–60. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/ACO.0000000000000061
https://doi.org/10.5603/AIT.a2018.0011
https://doi.org/10.1016/j.jtcvs.2005.06.050
https://doi.org/10.1097/ALN.0b013e31817881b3
https://www.ncbi.nlm.nih.gov/pubmed/18580173
https://doi.org/10.1007/s00423-013-1151-9
https://www.ncbi.nlm.nih.gov/pubmed/24337734
https://doi.org/10.1097/EJA.0000000000001131
https://doi.org/10.1093/oxfordjournals.bja.a013383
https://doi.org/10.1093/bja/77.3.356
https://www.ncbi.nlm.nih.gov/pubmed/8949810
https://doi.org/10.4103/aca.ACA_122_17
https://doi.org/10.2147/JPR.S162067
https://doi.org/10.1053/j.jvca.2018.05.053
https://doi.org/10.3390/ph14111091
https://doi.org/10.1016/j.ccc.2020.06.003
https://doi.org/10.1016/j.athoracsur.2020.07.074

	Introduction 
	Materials and Methods 
	Study Protocol 
	Preoperative Optimization 
	Intraoperative Management 
	Postoperative Measures 

	Control Group 
	Statistical Analysis 

	Results 
	Primary Results 
	Secondary Results 
	Other Results and Analysis 

	Discussion 
	Prehabilitation 
	OTE 
	Delirium 
	PONV 
	Pain 
	LOS 
	Challenges During Implementation 

	Limitations of the Study 
	Conclusions and Implications 
	References

