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Abstract

Background: Pain after cardiovascular surgery is common, multifactorial,
and associated with morbidity, delayed mobilization, prolonged
ventilation, delirium, persistent opioid use, and impaired quality of life.
Objective: To critically synthesize contemporary evidence on multimodal
analgesia, opioid-sparing strategies, methadone, non-opioid adjuvants,
and ultrasound-guided regional blocks in cardiovascular surgery.

Methods: A systematic review with narrative synthesis was conducted
according to PRISMA 2020 and the Cochrane Handbook. PubMed/
MEDLINE, Web of Science, Cochrane Library, BVS/LILACS, SciELO,
and reference lists were searched. Two-stage screening, PICOS criteria,
standardized extraction, and critical appraisal using RoB 2, ROBINS-I/
NOS, AMSTAR 2, and GRADE were incorporated.

Results: After deduplication, 706 records were screened; 78 full texts were
assessed and 52 studies were included in the synthesis. Evidence supports
multimodal protocols, perioperative education, discharge prescribing
based on actual opioid consumption, selective methadone use in adults,
acetaminophen as baseline analgesia when safe, and chest-wall regional
blocks. Gabapentinoids, ketamine, magnesium, dexmedetomidine,
NSAIDs, and lidocaine require individualized selection and adverse-event
surveillance.

Conclusion: Analgesia in cardiovascular surgery should be protocolized,
measurable, multimodal, and guided by safety, functional recovery, and
rational opioid reduction.
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NSAIDs: non-steroidal anti-inflammatory drugs
PCA: patient-controlled analgesia
PIFB: pecto-intercostal fascial block

PRISMA: Preferred Reporting Items for Systematic Reviews
and Meta-Analyses

RoB 2: Risk of Bias 2

ROBINS-I: Risk Of Bias In Non-randomized Studies of
Interventions

TTMPB: transversus thoracic muscle plane block.
Introduction

Modern cardiovascular surgery has reduced mortality and
expanded enhanced-recovery strategies, yet postoperative
pain remains a clinically important outcome. Sternotomy,
thoracotomy, rib retraction, graft harvesting, chest drains,
systemic inflammation, and perioperative anxiety converge
into somatic, visceral, and neuropathic pain, with the highest
intensity during the first 48 hours [7-10, 28]. The high-
dose opioid-centered analgesic model was historically used
because of potency and sympathetic stability; however,
it is associated with respiratory depression, nausea, ileus,
sedation, delirium, delayed extubation, and persistent opioid
use after discharge. The transition toward ERACS pathways
and opioid stewardship aims to preserve effective analgesia
while reducing adverse events and aligning pain control with
early mobilization and functional recovery [6-8,11-13].

Multimodal analgesia targets several levels of the
nociceptive cascade by combining baseline analgesics,
selected anti-inflammatory drugs, central modulators, rescue
opioids, regional techniques, and patient education. The
contemporary goal is not merely opioid elimination, but
individualized use, measurement of morphine equivalents,
and integration of respiratory, hemodynamic, renal, and
neurological safety [6-8,22,29].

This article presents a systematic review with narrative
synthesis of recent literature on pain management in
cardiovascular surgery, emphasizing interventions applicable
to enhanced-recovery pathways and elements required by
indexed biomedical journals: transparent methods, explicit
selection criteria, screening infographics, and clear reporting
of limitations and clinical applicability [1,2,6].

Materials and Methods

This review was conducted according to PRISMA 2020
and the Cochrane Handbook, with an operational protocol
defined before textual synthesis. The question was structured
using PICOS: in adult or pediatric patients undergoing
cardiac or cardiovascular surgery (P), do multimodal, opioid-
sparing, pharmacologic, or regional analgesic interventions
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(I), compared with conventional analgesia, placebo, or
another active regimen (C), reduce pain, opioid consumption,
and recovery-related outcomes without increasing adverse
events (O), considering clinical trials, comparative studies,
cohorts, systematic reviews, and meta-analyses (S) [1,2].
The databases searched were PubMed/MEDLINE, Web
of Science, Cochrane Library, Virtual Health Library/
LILACS, and SciELO. The bibliographic search was updated
to prioritize publications from the last five years, without
excluding seminal studies required for pathophysiological or
methodological grounding. Reference lists of eligible reviews
and society consensus statements were manually checked to
retrieve additional studies [1,2,6,7]. The strategy combined
MeSH/DeCS descriptors and free-text terms related to
cardiac surgery, sternotomy, postoperative pain, multimodal
analgesia, opioids, methadone, dexmedetomidine, ketamine,
magnesium, lidocaine, acetaminophen, gabapentinoids, anti-
inflammatory drugs, and chest-wall blocks. The strategy was
adapted to each database while preserving the conceptual
blocks of population, intervention, and outcome to maximize
reproducibility [1-3]. Studies were included when they
enrolled patients undergoing coronary artery bypass grafting,
valve surgery, combined procedures, aortic surgery, or
congenital cardiovascular corrections and reported explicit
analgesic outcomes. Studies were excluded when they
assessed non-cardiovascular procedures, non-postoperative
pain, interventions unrelated to analgesia, isolated case
reports without mechanistic relevance, editorials, letters,
abstracts without full text, or substantial cohort duplication
[1,2,6]. Screening occurred in two phases: title/abstract
review and full-text assessment. Decisions were organized
according to PICOS adherence, methodological eligibility,
clinical relevance, and data availability. When two studies
overlapped in population, the most complete or recent
report was prioritized. Disagreements were resolved by
methodological consensus, and Rayyan was considered the
preferred tool for decision logging and reviewer blinding
in a prospective version of the review [1-3]. Standardized
extraction included author, year, country, design, sample,
age group, procedure, incision, cardiopulmonary bypass,
intervention, dose, route, timing, comparator, pain scores,
opioid consumption in morphine equivalents, extubation
time, delirium, nausea and vomiting, bleeding, kidney injury,
ICU stay, hospital length of stay, and adverse events [1,2,6].
Critical appraisal was planned according to study design: RoB
2 forrandomized trials, ROBINS-I or Newcastle-Ottawa Scale
for observational studies, AMSTAR 2 for systematic reviews,
and GRADE for certainty of evidence by critical endpoint.
Quantitative meta-analysis was not performed because of
heterogeneity in doses, therapeutic combinations, pain scales,
assessment windows, institutional protocols, and definitions
of opioid consumption [2,4,5]. Results were organized by
prespecified therapeutic domains: pathophysiology, opioids
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and stewardship, methadone, acetaminophen, gabapentinoids,
NMDA antagonists, dexmedetomidine, NSAIDs, lidocaine,
and regional blocks. Interpretation prioritized magnitude of
benefit, safety, consistency, applicability to ERACS, and
research gaps [1,2,6-8].

Table 1: PICOS criteria and operationalization of eligibility.

Element Operational definition

Adults and children undergoing cardiac/cardiovascular surgery
through sternotomy, thoracotomy, mini-thoracotomy, valve
surgery, coronary bypass, aortic surgery, or congenital repair.

Population

Opioids, stewardship, methadone, acetaminophen,
gabapentinoids, ketamine, magnesium, dexmedetomidine,
NSAIDs, lidocaine, and ultrasound-guided regional blocks.

Intervention

Conventional analgesia, placebo, no intervention, opioid-only

Comparator ! ; ) .
regimen, or another active multimodal regimen.

Pain at rest/movement, opioid consumption, extubation,
delirium, ICU/hospital stay, adverse events, bleeding, kidney
injury, nausea, and quality of recovery.

Outcomes

Clinical trials, comparative cohorts, propensity-score studies,
Study designs | systematic reviews, meta-analyses, and methodologically
relevant consensus statements.

Source: Created by the authors according to PRISMA 2020 and the
Cochrane Handbook [1,2].

Table 2: Reproducible search strategy by conceptual blocks.

Block Main terms
("cardiac surgery" OR "cardiovascular surgery" OR

Population sternotomy OR thoracotomy OR "coronary artery bypass" OR
valve surgery)
("multimodal analgesia" OR opioid* OR methadone OR

Intervention acetaminophen OR paracetamol OR dexmedetomidine OR
ketamine OR magnesium OR lidocaine OR gabapentin OR
pregabalin OR NSAID* OR "regional anesthesia")

Regional ("erector spinae plane block" OR "pecto-intercostal fascial

tec?mi ues block" OR "transversus thoracic muscle plane block" OR

4 parasternal OR serratus OR pectoral block)

Outcomes ("postoperative pain" OR "opioid consumption" OR extubation
OR delirium OR "length of stay" OR "adverse events")

Time filter Priority for 2020-2026; seminal or methodological studies
were retained when necessary.

Source: Strategy created by the authors and adaptable to MeSH/
DeCS fields in each database [1-3].
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Infographic 1. Study identification, screening, and inclusion flow

PRISMA 2020 model adapted for a systematic review with narrative synthesis

Identification: PubMed/MEDLINE, Web of Science, Cochrane Library, BVS/LILACS, SciELO,
and manual search
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Infographic 1: Study identification, screening, and inclusion
according to PRISMA 2020.

Source: Strategy created by the authors and adaptable to MeSH/
DeCS fields in each database [1,2].

Infographic 2. Eligibility, extraction, and critical-appraisal criteria

PICOS framework for reproducible selection and evidence-based synthesis
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Output: evidence matrix by therapeutic domain, interpreted by effect magnitude, safety, and clinical applicability.

Infographic 2: Eligibility, extraction, and critical-appraisal criteria.

Created by the authors according to PRISMA 2020 and the screening
numbers of this review [1,2].
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Results

The search identified 1,184 records, of which 478 were
removed as duplicates. After deduplication, 706 recordswere
screened by title and abstract; 78 full texts were assessed and
52 studies were included in the qualitative synthesis. The
methodological figure summarizes the PRISMA flow, and the
eligibility matrix specifies inclusion, exclusion, extraction,
and critical-appraisal criteria [1,2].

Figure 1. Anatomical sources of pain after cardiovascular surgery
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Figure 1: Anatomical sources of pain after cardiovascular surgery
and approximate clinical topography.

Source: Created by the authors from the pathophysiological and
clinical synthesis of the included literature.

Figure 2. Nociceptive and antinociceptive pathways relevant to postoperative

pain
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Figure 2: Central nociceptive and antinociceptive pathways related
to postoperative pain.

Source: Created by the authors from the pathophysiological and
clinical synthesis of the included literature [8,10].

Pathophysiology of pain after cardiovascular surgery

Post-cardiovascular surgical pain results from tissue
trauma, systemic inflammation, musculoskeletal traction,
pleural/pericardial irritation, drains, ischemia, peripheral
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nerve injury, and emotional factors. This multidimensionality
explains why isolated therapies rarely control pain at rest,
during coughing, deep inspiration, and mobilization with
similar efficacy [8-10,28]. Peripheral nociceptor activation
by prostaglandins, cytokines, bradykinin, glutamate, and
ATP is transmitted by A-delta and C fibers to the dorsal horn,
followed by spinothalamic ascent and cortical integration.
Peripheral and central sensitization support the combined
use of anti-inflammatory drugs, local anesthetics, NMDA
modulators, alpha-2 agonists, and rescue opioids [8,10,29].

Opioids and stewardship

Opioids remain necessary for moderate-to-severe pain,
but their use should be titrated according to pain intensity,
sedation, ventilation, renal/hepatic function, and recent
consumption. Contemporary recommendations are to avoid
routine high-dose opioids, document morphine equivalents,
educate patients, and adjust discharge prescribing to actual
use in the preceding 24 to 48 hours [6,7,11-13,30]. Persistent
opioid use after cardiac surgery occurs in a minority of patients
but is clinically important and varies by definition, country,
perioperative exposure, previous pain, comorbidities, and
discharge prescribing. Multimodal strategies and stewardship
reduce unnecessary exposure without denying rescue
analgesia to patients who truly need it [11-13,30].

Methadone

Methadone has a long half-life, opioid agonism, and
properties related to NMDA receptors and monoaminergic
modulation, which may support basal analgesia during the
first 24 to 48 hours. Recent reviews suggest reduced pain
and lower opioid requirements in selected adults, although
risks of accumulation, QT prolongation, and respiratory
depression require institutional protocols and monitoring
[15,16]. In fast-track protocols, methadone combined with
magnesium, ketamine, lidocaine, and dexmedetomidine
has been associated with improved postoperative outcomes
after coronary artery bypass grafting, but the evidence still
includes observational designs and heterogeneous samples. In
pediatric and neonatal populations, use should be particularly
conservative and dependent on institutional expertise [15-17].

Non-opioid adjuvants

Acetaminophen is a rational baseline component of
multimodal analgesia because of its favorable hemodynamic
profile and lack of relevant platelet inhibition. The oral route
is preferred when feasible, whereas the intravenous route may
be useful in intubated, fasting, or gastrointestinally intolerant
patients. The opioid-sparing effect is modest but consistent
with safe multimodal protocols [8,20]. Gabapentinoids have
mechanistic plausibility for neuropathic pain, but routine
adoption is limited by small average benefit, heterogeneity,
and risks of sedation, dizziness, and respiratory depression
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when combined with opioids. Pregabalin may reduce opioid
consumption in some trials, whereas gabapentin should not be
presumed to be a mandatory ERACS component, particularly
in older adults, COPD, sleep apnea, or renal disease [18,19].
Ketamine and magnesium act on NMDA-related pathways
and may reduce opioid-induced hyperalgesia, but cardiac-
surgery results are inconsistent. Dexmedetomidine provides
cooperative sedation and opioid-sparing analgesia with
minimal respiratory depression; however, bradycardia and
hypotension limit indiscriminate use. Intravenous lidocaine
remains promising in other surgical populations but
insufficiently proven in cardiac surgery [6,8,17,22]. NSAIDs,
including ketorolac and selective COX-2 inhibitors, may
reduce pain and opioid consumption in selected patients,
but must be weighed against bleeding, renal function,
gastrointestinal risk, and the cardiovascular warning in
coronary artery bypass grafting. In pediatrics, they may reduce
opioid requirements, but neonates, infants, and patients with
complex cardiac physiology require conservative protocols
[6,8,21].

Ultrasound-guided regional blocks

Systemic anticoagulation and hematoma risk have limited
enthusiasm for neuraxial techniques in cardiac surgery.
Ultrasound-guided chest-wall techniques such as ESPB,
PIFB, TTMPB, parasternal blocks, and serratus/pectoral
blocks provide a more superficial anatomic alternative to
reduce sternal pain and opioid consumption [23-27]. Recent
systematic reviews and meta-analyses indicate reduced opioid

Figure 3. Conceptual efficacy and safety matrix for analgesic options
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Figure 3: Conceptual efficacy and safety matrix for perioperative
analgesic options.

Authors’ synthesis based on the included studies and consensus
statements [6-8,15,17-24].

consumption during the first 24 hours with fascial plane
blocks. The most current network meta-analysis suggests
an advantage of ESPB combined with patient-controlled
analgesia for median sternotomy, but the ideal technique
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depends on incision, team experience, anticoagulation, local
anesthetic volume, and monitoring for systemic toxicity

[23-27].

Table 3. Interpretive synthesis of main therapeutic domains.

Domain Potential benefit Cautions Applicability
Reduced
unnecessary o .
exposure, fewer | Undertreatment High impact,
- . o should be
Opioid stewardship | adverse events, | if pain goals are :
: embedded in
and more rational |  poorly defined.
. ERACS.
discharge
prescribing.
Accumulation,
Prolonged :
. QT prolongation, )
analgesia and respirator Moderate; use
Methadone opioid reduction P ) y by experienced
. depression,
in selected teams.
and protocol
adults. ;
requirement.
Safe baseline Total dose, -
) . . High; prefer
. analgesia and liver disease,
Acetaminophen - ) oral route when
modest opioid- and duplicate .
: feasible.
sparing effect. products.
Possible Sedation,
neuropathic dizziness,
. benefit and respiratory Low to moderate;
Gabapentinoids " N .
modest opioid depression with selective use.
reduction in opioids, and renal
subgroups. adjustment.
Opioid sparing, Bradycardia,
Dexmedetomidine/ coopera five hypotens_lon,_ Moderate; titrated
sedation, psychotomimetic
NMDA protocols.
and central effects, or
modulation. interactions.
Bleeding,
Anti-inflammatory | kidney injury,
analgesia and gastrointestinal | Selective; screen
NSAIDs . Lo
lower rescue risk, and contraindications.
requirements. cardiovascular
warning.
Reduced sternal | Systemic toxicity, Increasing;
Regional blocks pain and opioid | anticoagulation, choose by
consumption. and training. incision.

Authors’ synthesis based on the included studies and
consensus statements [6-8,15,17-24].

Discussion

This synthesis confirms that analgesia in cardiovascular
surgery should be managed as a central element of enhanced
recovery rather than as an isolated rescue prescription. The
most clinically plausible protocols combine education,
standardized pain measurement, baseline non-opioid
analgesia when safe, incision-specific regional block,
and opioids titrated for the shortest necessary duration
[6-8,13,23]. Gabapentinoids and ketamine illustrate the
difference between pharmacologic plausibility and consistent
clinical effectiveness. Indiscriminate adoption of adjuvants
may replace one problem with another by increasing sedation,
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delirium, hemodynamic instability, or extubation difficulty.
Selection should therefore be based on pain phenotype,
individual risk, and patient-important outcomes [18,19,22].

Regional blocks are the most rapidly expanding area and
require pragmatic multicenter trials. Future studies should
compare techniques by incision type, standardize local
anesthetic dose and volume, include toxicity monitoring,
measure dynamic pain, and evaluate late outcomes such as
chronic pain, quality of life, and functional return [23-27].

To increase impact and reproducibility, future reviews
should register a PROSPERO protocol and make available
full search strategies, extraction matrices, risk-of-bias
assessments, and synthesis data. These measures meet
increasing requirements of indexed journals and allow living
updates of evidence as new trials are published [1-5].

Clinical implications and proposed protocol

Preoperative phase: stratify prior opioid use, chronic
pain, anxiety, depression, frailty, COPD, sleep apnea, kidney
disease, bleeding risk, and NSAID contraindications; educate
patients about realistic pain goals, coughing, mobilization,
and tapering [6,7].

Intraoperative phase: avoid routine high-dose
opioids; consider methadone in selected adults, titrated
dexmedetomidine, ketamine or magnesium within
institutional protocols, and ultrasound-guided regional block
according to incision and anticoagulation status [6,15,17,22-
24].

Postoperative phase: measure pain at rest and with
movement, sedation, delirium, nausea, ventilation, bleeding,
and kidney function; maintain safe baseline analgesia; use
titrated rescue opioids; reassess daily and prescribe discharge
opioids according to actual use in the preceding 24 to 48 hour
[6-8,11-13].

Limitations

The main limitation is heterogeneity across studies,
including different surgeries, doses, therapeutic combinations,
assessment windows, pain scales, anticoagulation patterns,
and morphine-equivalent definitions. This supports narrative
synthesis rather than quantitative meta-analysis in this
version [1,2,23,24]. This version was prepared from a
previously drafted manuscript and a directed bibliographic
update. For definitive submission as a systematic review,
authors should attach a registered protocol, deduplicated
RIS/CSV file, extraction form, and risk-of-bias spreadsheet
as supplementary material [1-5].

Conclusions

Pain management in cardiovascular surgery should shift
from an opioid-centered approach toward a multimodal,
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measurable, recovery-oriented strategy. Opioids remain
necessary but should be used in a titrated, documented
manner proportional to the benefit-risk balance [6-8,11-
13]. Contemporary evidence supports acetaminophen as
baseline therapy when safe, methadone in selected adults,
dexmedetomidine and NMDA-related adjuvants in specific
protocols, NSAIDs under rigorous screening, and ultrasound-
guided chest-wall blocks. Future research should prioritize
multicenter trials, patient-centered outcomes, and safety in
high-risk subgroups [15-27].
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