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Abstract

Purpose: To compare postoperative analgesic efficacy and opioid
consumption between erector spinae plane block (ESPB) and continuous
intercostal wound infiltration (IC-WI) in patients undergoing minimally
invasive mitral valve surgery (MICS-MVR).

Patients and methods: In this retrospective registry study, patients
undergoing MICS-MVR received either an ultrasound-guided ESPB at
anesthesia induction or surgeon-administered continuous IC-WI at wound
closure. All patients received standardized multimodal analgesia. The
primary outcome was cumulative morphine consumption during the first 72
hours postoperatively. Secondary outcomes included pain during coughing
assessed using the Numeric Rating Scale (NRS), extubation in the operating
room, opioid-related adverse events, and early mobilization.

Results: A total of 221 patients were included in the analysis (ESPB:
n = 113; IC-WI: n = 108). Mean cumulative morphine consumption over
72 hours did not differ significantly between groups (IC-WI: 151+10.3
mg vs. ESPB: 176+9.3 mg; p=0.07). Patients in the IC-WI group reported
significantly lower NRS pain scores immediately after surgery compared
with the ESPB group (3.1+0.3 vs. 4.3£0.3; p<0.003). Pain scores were
comparable during the subsequent postoperative course. A significantly
higher proportion of patients in the ESPB group were extubated in the
operating room (37/113; p<0.001).

Conclusion: Ultrasound-guided ESPB provides postoperative analgesia
almost comparable to IC-WI in patients undergoing MICS-MVR. ESPB was
associated with lower intraoperative sufentanil requirements and a higher
likelihood of immediate endotracheal extubation in the operating room.
These findings support ESPB as an effective regional analgesic technique
in minimally invasive cardiac surgery and as a potential component of
Enhanced Recovery After Cardiac Surgery pathways.
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Graphical Abstract:

Efficacy and safety of perioperative analgesia provided by ultrasound guided erector spinae

plane block compared to continuous intercostal wound infiltration

in i i ive mitral valve surgery
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Objective

Comparison of the postoperative analgesic efficacy (and

morphine consumption) between erector spinae plane block
(ESPB) and continuous intercostal wound infiltration (IC-WI) in
patients undergoing minimal invasive mitral valve surgery with
thoracotomy (MICS-MVR).

Methods

Design: Retrospective register study. Setting: University hospital
Patients: 221 patients undergoing MICS-MVR

Interventions: Patients received either an ultrasound-guided
ESPB at anesthesia induction or a surgeon-administered
continuous IC-WI at wound closure.

Key Findings

Ultrasound-guided unilateral ESPB with ropivacaine provides efficient and comparable postoperative

analgesia to continuous IC-WI, with a significantly lower intraoperative dose of sufentanil, and, thus,

may facilitate endotracheal extubation immediately after mitral valve surgery.

Introduction

Postoperative pain after thoracic and cardiac surgery,
including coronary artery bypass grafting (CABG) and
minimally invasive mitral valve repair or replacement
(MICS-MVR), is often severe. Inadequate pain control causes
significant patient discomfort, may delay functional recovery,
and is associated with an increased risk of postoperative
pulmonary complications and prolonged hospital stay [1-3].

Postoperative pain is multifactorial and results from
surgical trauma related to sternotomy or thoracotomy, the
presence of intercostal chest drains, and other perioperative
factors. Over the past decade, cardiac surgical techniques
have increasingly shifted toward less invasive approaches.
In parallel, less invasive regional anesthetic techniques have
gained importance and have been incorporated into Enhanced
Recovery After Cardiac Surgery (ERACS) protocols [4,5].

Although neuraxial regional anesthesia techniques such
as thoracic epidural analgesia and thoracic paravertebral
block are well established and provide effective analgesia,
their use in cardiac surgery is limited due to the need
for systemic anticoagulation. Consequently, alternative
regional techniques with a more favorable safety profile are
increasingly being explored.

In recent years, several ultrasound-guided chest wall
blocks—including the erector spinae plane block (ESPB),
serratus anterior plane block (SAPB), and pectoral nerve
blocks (PECS)—have been described and investigated for
analgesia in thoracic procedures, including cardiac surgery
[6,7]. The ultrasound-guided ESPB was first described by
Forero et al. [8] in 2016 and targets the interfascial plane
deep to the erector spinaec muscle [8]. Owing to its technical
simplicity, easily identifiable sonographic landmarks, and
its presumed safety in anticoagulated patients, ESPB has
become one of the most commonly applied regional analgesic
techniques in cardiac surgery, although high-quality evidence
supporting its safety in this setting remains limited [9-11].
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Intercostal nerve block or continuous intercostal wound
infiltration (IC-WI) has also been shown to provide effective
postoperative analgesia after thoracic surgery and can
be readily performed by the surgeon, but has numerous
disadvantages, such as a limited duration of analgesia,
variable efficacy, the risk of systemic toxicity from local
anesthetics, technical challenges and complications, as well
as infections and impaired wound healing [12-16].

The hypothesis of this study was that a preoperative
ESPB in patients undergoing MICS-MVR provides
postoperative pain relief that - as measured by pain scores
and cumulative opioid consumption in the first 72 hours after
surgery - is virtually comparable to that of continuous IC-
WI. Furthermore, we hypothesized that preoperative ESPB
is associated with lower intraoperative opioid consumption,
fewer postoperative complications, and a higher rate of
immediate extubation in the operating room.

The primary endpoint was cumulative postoperative
morphine consumption over a 72-hour period. Secondary
endpoints included postoperative pain intensity, opioid-
related adverse effects (e.g., postoperative nausea and
vomiting), surgical characteristics (including duration of
chest tube drainage and need for revision surgery), and early
extubation.

Material and Methods
Participant recruitment and group allocation

This retrospective registry study was approved by the
local ethics committee of the University Hospital (reference
number AZ 25-1138-S1-retro) and registered in the German
Clinical Trials Register (DRKS, ID DRKS00033343).
The study was based on a retrospective cohort of patients
who underwent minimally invasive mitral valve repair or
replacement (MICS-MVR) via an anterolateral thoracotomy
between May 2022 and October 2023.

Eligible patients were retrospectively identified from
the hospital’s electronic medical records using International
Classification of Diseases (ICD) and Operations and
Procedures (OPS) codes. Following the introduction of the
erector spinae plane block (ESPB) into routine anesthetic
practice at our institution in late 2022, ESPB was offered to
all eligible patients without contraindications after obtaining
written informed consent. Patients who did not receive
ESPB during the study period were treated according to
the standard surgical analgesic protocol and underwent
continuous intercostal wound infiltration (IC-WI) with
catheter placement.

Accordingly, group allocation was determined by routine
clinical practice and procedural availability rather than
randomization, consistent with the retrospective observational
design of the study. ESPB was performed by the attending
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anesthesiologist, whereas IC-WI catheters were placed
intraoperatively by the surgical team as part of standard care.

This resulted in a total cohort of 232 patients who
underwent MICS-MVR at our single center. Data were
retrieved retrospectively from the hospital information
system PATIDOK® (version 2.0, PCS Professional Clinical
Software GmbH, Klagenfurt, Austria) of the University Heart
Center. Patient-related information, including pre-existing
medical conditions, regular medication, exposure to noxious
substances, and externally initiated therapeutic measures, was
extracted from admission records. Additional demographic
data (e.g., age and body weight) as well as information on
conservative treatments were obtained from the same source.
Clinical and perioperative data were extracted from electronic
anesthesia records (Metavision®, version MVS5, IMDsoft
GmbH, Diisseldorf, Germany) and transferred in anonymized
form to a pre-structured Microsoft Excel® database. Access
to sensitive data and analyses was restricted to designated
in-house computers in accordance with institutional data
protection policies.

Anesthetic management

All patients received standardized intraoperative
monitoring, including continuous electrocardiography, pulse
oximetry, invasive arterial blood pressure monitoring (arterial
line placed prior to induction), and depth of anesthesia
monitoring using the bispectral index (BIS). General
anesthesia was induced intravenously with sufentanil (0.3—
0.5 pg-kg™), propofol (1-2 mg-kg™), and rocuronium (0.4—
0.6 mg-kg™"). Anesthesia was maintained with sevoflurane,
titrated to achieve a BIS target range of 40-60, while
maintaining heart rate and arterial blood pressure within
+20% of baseline values.

Central venous access was established via the right or left
internal jugular vein, and transesophageal echocardiography
was routinely performed intraoperatively.

Additional intraoperative  boluses of sufentanil
were administered at the discretion of the attending
anesthesiologist, based on hemodynamic responses and
clinical judgment. Postoperatively, analgesic management
followed the institutional standard protocol. Pain intensity
was routinely assessed using the Numeric Rating Scale
(NRS), and rescue analgesia was administered if NRS scores
were >3. The standardized multimodal analgesic regimen
comprised systemic opioids in combination with non-opioid
analgesics, such as paracetamol or metamizole.

Ultrasound-guided erector spinae plane block

At the beginning of anesthetic induction, an ultrasound-
guided erector spinae plane block (ESPB) was performed on
the surgical side with the patient in the lateral position, awake
and responsive. A sterile-covered ultrasound transducer was
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initially positioned over the fifth rib and subsequently moved
medially to identify the costotransverse junction and the
transverse process.

After local infiltration of the skin, a block needle was
advanced in-plane under real-time ultrasound guidance until
contact with the transverse process was achieved. Correct
needle placement was confirmed by injection of normal
saline, demonstrating hydrodissection of the fascial plane
between the transverse process and the erector spinae muscle
[17,18].

Following confirmation of the appropriate needle
position, 20 mL of ropivacaine 0.375% were administered
incrementally with repeated aspiration. A catheter was then
advanced 5 cm beyond the needle tip into the erector spinae
plane. After attachment of a bacterial filter, the catheter was
secured with sterile adhesive dressing and directed cranially
toward the shoulder. Catheter tunneling was not performed
due to an increased bleeding risk.

According to the institutional protocol, patients in
the ESPB group received intermittent boluses of 20 mL
ropivacaine 0.2% every three hours over the entire observation
period. No catheter- or puncture-related complications
requiring deviation from the planned anesthetic management
or premature catheter removal were observed.

Intercostal wound infiltration

In the IC-WI group, local anesthetic infiltration of the
intercostal space at the thoracotomy site was performed at
the end of surgery. Intercostal wound catheters were placed
under sterile conditions by an experienced cardiothoracic
surgeon.

The catheter was positioned within the intercostal space
corresponding to the dermatomal level of the surgical
incision, most commonly the fourth or fifth intercostal space.
Using an introducer needle, the puncture was performed
perpendicular to the skin and advanced medially and slightly
caudally toward the inferior margin of the rib. The catheter
was subsequently inserted into the fascial plane between the
internal and innermost intercostal muscles and secured at the
skin with adhesive fixation.

Following catheter placement, 10 mL of ropivacaine
0.2% were infiltrated along the surgical incision. Thereafter,
continuous infusion of ropivacaine 0.2% was administered
via the intercostal wound catheter at a fixed rate of 6 mL/h
over the entire observation period. No dose adjustments were
performed. No catheter-related complications necessitating
changes in postoperative management were observed.

Pain management and assessment

Postoperatively, analgesic management followed the
institutional standard protocol. Pain intensity was routinely
assessed using the Numeric Rating Scale (NRS), and
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rescue analgesia was administered if NRS scores were
>3. Pain scores were analyzed separately for the day of
surgery (postoperative day 0) and for postoperative days
1, 2, and 3, each defined as a 24-hour interval starting
at 12:00 a.m. Intraoperative sufentanil consumption and
cumulative postoperative opioid requirements over 72 hours
(until midnight of postoperative day 3) were recorded and
converted into oral morphine milligram equivalents (MME),
both as absolute values and normalized to body weight.
The standardized multimodal analgesic regimen comprised
systemic opioids in combination with non-opioid analgesics,
such as paracetamol or metamizole.

Surgical and postoperative characteristics

Surgical parameters were analyzed, including type
and duration of surgery and cardiopulmonary bypass time.
Allogenic blood transfusion was quantified. Incidence
of PONV, duration until the first full mobilization were
calculated. Postoperative complications were only considered
if confirmed by a physician and documented in the hospital
information system or in the corresponding discharge letters.
Categorical variables were coded as binary variables (0/1),
while ordinal variables were converted into numerical values
for statistical analysis.

Statistical analysis

Due to the retrospective study design, no formal a priori
sample size calculation was performed. All consecutive
eligible patients treated during the study period were included
in the analysis (n=232). Continuous variables are presented as
mean + standard deviation (SD) or median with interquartile
range (IQR), depending on data normality which was tested
by D'Agostino-Pearson omnibus test. Categorical variables
are reported as counts and percentages. Comparisons between
groups were performed using the Student’s t-test or analysis
of variance (ANOVA) for normally distributed variables and
the Mann—Whitney U test for non-normal data. Categorical
variables were compared using the Chi-square test or Fisher’s
exact test, as appropriate. A two-sided p-value < 0.05 was
considered statistically significant. All statistical analyses
were performed using GraphPad Prism (Version 7.0, 225
Franklin Street. F1. 26, Boston, MA 02110, USA).

Results

A total of 232 patients were initially enrolled in the study.
Eleven patients were excluded due to incomplete datasets,
primarily missing key intraoperative or postoperative
variables required for analysis (e.g., analgesic dosages, pain
scores, or duration of catheter use). The final analysis included
221 patients, with 108 in the ESPB group and 113 in the IC-
WI group (Figure 1). Baseline characteristics - including age,
sex, body mass index (BMI), ASA classification, NYHA
status, and comorbidities - were comparable between the
groups (Table 1).
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Table 1: Patient characteristics and intraoperative data.

Overall Ic-wi ESPB

(n=221) | (n=113) = (n=108) Pvalue
Age (yr) 6410 6310 6411 0.48
Female, n (%) 64 (29) 33(29) | 31(29) @ >0.9
Male, n (%) 155(71) | 80(71) | 75(71) | >0.9
Height (cm) 175410 17589 | 174£10 | >0.9
Weight (kg) 78416 7917 78¢15 | 073
BMI (kg/m?) 264 2514 264 0.71
ASA 1/2/3/4,n | 3/14/195/8 | 2/11/96/4 = 1/3/100/4
NYHA VIV, n | 41/125/54/1 | 21/65/27/0 | 20/60/27/1
Comorbidities n, (%)
ﬁ;ggi;nsion 104 (47) | 52(46) | 52(49) | 0.78
;::;”Siry heart 36(16) | 17(15) | 19(18) | 0.71
Diabetes 15 (7) 5 (4) 10(9) | 0.18
Type of procedure
MVR 123 66 57 0.12
MVR + TVR 54 32 22 0.21
MVR + ACB 44 15 29 0.01
Duration of
surgery (min) 21358 212460 241456 0.85
CPB time (min) 157+40 | 154%40 | 15740 | 0.22
Transfusion (units per patient)
Eigci'st‘r’gtg:" 06+2.3 | 0617 | 07+2.9 | 064
Elr::ga':roze” 02:0.7 | 01404 | 02¢09 | 03
Thrombocytes 0.74£2.2 0.9+1.8 0.6+2.6 0.41

Notes: Patient characteristics and intraoperative data. The data are
shown as numbers of patients and percentages or mean * standard
deviation.

Abbreviations: BM| = body mass index; ASA = American Society
of Anesthesiologists; NYHA = New York Heart Association; MVR =
mitral valve repair or replacement; TVR = tricuspidal valve repair or
replacement; ACB = Aortocoronary bypass; CPB = cardiopulmonary
bypass

Postoperative pain scores, assessed using the Numeric
Rating Scale (NRS), were significantly lower in the IC-WI
group on the day of surgery (day 0; p<0.003). On postoperative
days 1, 2, and 3, pain scores were similar between the groups
(Table 2, Figure 2). The incidence of postoperative nausea
and vomiting did not differ significantly (IC-WI: 52 patients
vs. ESPB: 54 patients; p=0.7).

Intraoperative sufentanil consumption was significantly
lower in the ESPB group (p<0.001). Cumulative postoperative
morphine consumption over 72 hours was comparable
between groups (median 176+9.3 mg vs. 151+10.3 mg;
p=0.07), but when normalized to body weight, consumption
was slightly higher in the ESPB group (2.3+1.3 mg/kg vs.
1.941.0 mg/kg; p=0.04; Table 2). Cumulative ropivacaine
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doses were similar between groups, whereas catheter
indwelling time was significantly shorter in the ESPB group
(3.9 vs. 4.5 days; p<0.001; Table 2).

Notably, none of the patients in the IC-WI group were
extubated immediately postoperatively in the operating room,
whereas 37 patients in the ESPB group were successfully
extubated immediately (p<0.001; Table 2).

Patients undergoing mitral valve surgery (n=232)
Patient data, disease, procedure, postoperative status and
further analysis

Incomplete data sets
(n=11)

Continuous intercostal wound infiltration (IC- Erector spinae plane block
WI) (n=113) (ESPB) (n=108)

Figure 1: Consort Diagram.

Dayo Dayt Day2 Day3

™ p<0.001 “’
¢ —‘7
]

Figure 2: Median Pain Level.

Table 2: Primary and secondary outcomes, postoperative variables.

Ic-wi ESPB

n=113 | n=108 Pv@lue

Pain NRS scores

Day 0 3.1£0.3 4.320.3 0.003
Day 1 5.2+0.2 5.4+0.2 0.3
Day 2 3.840.2 3.9+0.2 0.6
Day 3 2.540.2 2.520.2 0.8

Intraoperative opioids

Sufentanil (total dose in pg) 200+6.8 | 168+6.6 | 0.001
Sufentanil (ug/kg) 2.7¢1 2.3+1 0.01
Postoperative rescue opioids (MME)

Total MME at 72h 151£10.3 | 17619.3 0.07
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Total MME at 72h per kg BW 1.9+1.0 2.3+1.3 0.04

Regional anesthesia outcome

Ropivacaine dose (total dose mg) | 12324620 | 1141+492 | 0.174

Duration of pain catheter (days) 4.5+1.4 3.9+1.2 0.001
Duration chest drain (h) 69+3.8 62+3.2 0.15
Extubation in the operating room

Yes n (%) 0(0) 39 (36) | <0.001
No n (%) 113 (100) | 69 (64)
Postoperative complications

Re-Surgery n (%) 9(8) 16 (15) 0.13
;I:]r;lli:)ntil mobilization out of bed 28415 30425 065
PONV n (%) 52 (46) 54 (50) 0.7
Duration chest drain (h) 69+3.8 62+3.2 0.15

Notes: Primary and secondary outcomes and postoperative variables.
Abbreviations: NRS = numeric rating scale; MME = morphine
milligram equivalents; PONV = postoperative nausea and vomiting.

Discussion

In this study, we evaluated the analgesic efficacy of
ultrasound-guided erector spinae plane block (ESPB)
compared with continuous intercostal wound infiltration (IC-
WI) in patients undergoing minimally invasive mitral valve
surgery via lateral thoracotomy. Our results demonstrate that
ESPB provides postoperative analgesia comparable to IC-
WI while reducing intraoperative opioid requirements and
facilitating immediate extubation in the operating room.

Minimally invasive cardiac surgery (MICS) has become
an integral component of enhanced recovery pathways in
cardiac surgery. However, thoracotomy-based approaches
are frequently associated with significant postoperative pain
due to intercostal nerve compression from rib retractors
and chest drains [19,20]. This pain can impair respiratory
mechanics and contribute to pulmonary complications such
as atelectasis and pneumonia [21]. Consequently, effective
regional analgesia has become an important component of
perioperative management in MICS. Multimodal analgesic
strategies that reduce opioid requirements are particularly
desirable, as they improve pain control while minimizing
opioid-related adverse effects.

The integration of regional anesthesia into the Enhanced
Recovery After Cardiac Surgery (ERACS) framework hasbeen
associated with improved postoperative recovery, including
reduced catecholamine requirements, shorter hospital stays,
and higher patient satisfaction [22]. Continuous intercostal
wound catheters (IC-WC) have previously demonstrated
effectiveness in reducing postoperative pain after mitral valve
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repair procedures [23]. However, ESPB has recently emerged
as a promising alternative regional technique in thoracic and
cardiac surgery.

Several studies have reported improved analgesia and
reduced opioid consumption with ESPB in cardiac surgery.
In addition, the administration of ESPB has been associated
with shorter ICU and hospital length of stay when compared
to systemic analgesia [24,25]. Nevertheless, evidence remains
inconsistent. A recent prospective placebo-controlled trial in
patients undergoing mitral valve repair did not demonstrate
a significant reduction in morphine consumption within the
first 24 hours after surgery [26]. These conflicting findings
highlight the need for further comparative studies of ESPB
and other regional analgesic strategies in minimally invasive
cardiac procedures.

To our knowledge, this study is the first to directly
compare ESPB with continuous intercostal wound infiltration
in patients undergoing minimally invasive mitral valve
surgery via lateral thoracotomy. In our cohort, immediate
postoperative pain scores were slightly higher in the ESPB
group on the day of surgery. Several factors may explain
this finding. First, block failure or incomplete spread of local
anesthetic cannot be excluded. Second, patients in the ESPB
group received lower intraoperative doses of sufentanil,
which may have contributed to higher early postoperative
pain perception. In addition, earlier extubation in the ESPB
group may have allowed patients to report pain sooner, while
in those intubated, pain assessment might have been less
accurate.

Despite these early differences in pain scores, cumulative
postoperative opioid consumption and the incidence of
opioid-related adverse effects were comparable between the
two groups, suggesting similar overall analgesic efficacy. The
difference of postoperative MME normalized per bodyweight
corresponds to 10 mg of oral morphine (per day in an adult of
80 kg bodyweight) between the groups, leaving doubts on the
clinical relevance of the differences seen.

From a mechanistic perspective, ESPB provides more
widespread but less dense somatic and visceral analgesia by
blocking the dorsal and ventral rami of the thoracic spinal
nerves through cranio-caudal spread of local anesthetic
along the fascial plane [27-28]. Together with the timing
of the application, these functional differences could have
contributed to the reduced amount of intraoperative opioids.
In contrast, IC-WI primarily targets somatic pain at the
incision site and may therefore provide stronger immediate
local analgesia at the site of the thoracotomy but less extensive
regional coverage [29].

An important finding of this study was the higher rate
of immediate extubation in the ESPB group. More than
one-third of patients receiving ESPB were extubated in the
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operating room, whereas none of the patients receiving IC-WI
underwent on-table extubation. Early extubation represents a
key component of ERACS protocols and is associated with
improved postoperative recovery [22]. As depicted above,
the administration of ESPB before surgical incision may have
contributed to improved intraoperative analgesia and reduced
opioid requirements, thereby facilitating faster emergence
from anesthesia. Although differences in clinical practice
patterns or extubation strategies may also have influenced
these results, the timing and quality of the regional techniques
most likely played an important role. If our assumptions are
confirmed by other studies, the ESPB might represent an
adequate regional technique in cardiac surgery. From our data,
facilitating fast and secure extubation conditions represents a
functional advantage within the ERACS concept and might
outweigh the limited view on the numeric analgesic efficacy.

From a practical perspective, ESPB offers several other
advantages. The technique can be performed under ultrasound
guidance with a favorable safety profile and a relatively low
risk of complications compared with neuraxial techniques.
These characteristics make ESPB an attractive component of
multimodal analgesia protocols in minimally invasive cardiac

surgery.

Furthermore, cumulative  postoperative opioid
consumption and the incidence of postoperative nausea and
vomiting (PONV) were comparable between the two groups,
indicating that the analgesic efficacy of ESPB is similar to
that of continuous IC-WI. Reducing opioid requirements is
particularly relevant in cardiac surgery, as it may decrease
the risk of opioid-related complications, such as respiratory
depression and postoperative ileus, potentially contributing
to enhanced recovery - although assessing this effect was
beyond the scope of the present study.

Limitations

This study has several limitations. First, the retrospective
single-center design and relatively small sample size limit
the generalizability of the findings and introduce potential
selection bias. Second, the absence of randomization and
blinding may have influenced perioperative management and
outcome assessment. Third, variability in operator experience
with ESPB and IC-WI may have affected the consistency of
the interventions. Finally, this study focused on short-term
postoperative outcomes; long-term pain control, functional
recovery, and postoperative complications were not evaluated.

Conclusion

In patients undergoing minimally invasive mitral valve
surgery, ultrasound-guided ESPB provides postoperative
analgesia comparable to continuous IC-WI and is associated
with lower intraoperative opioid requirements and a higher
rate of immediate extubation. These results support ESPB

Citation: Martin Roesslein, Yasir Al-Hamami, Thore Kalinowski, Vincent Effner, Wolfgang Bothe, Axel Semmelmann, Torsten Loop, Felix Ulbrich.
Efficacy and Safety of Perioperative Analgesia Provided by Ultrasound Guided Erector Spinae Plane Block (ESPB) Compared to
Continuous Intercostal Wound Infiltration (IC-WI) in Minimally Invasive Mitral Valve Surgery (MICS-MVR). Anesthesia and Critical

Care. 8 (2026): 54-61.



Roesslein M, et al., Anesth Crit Care 2026
Journals DOI:10.26502/acc.0101

as a promising component of ERACS pathways, although
prospective randomized studies are needed to confirm these
findings.
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