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ABSTRACT

BACKGROUND AND OBJECTIVES: Neuropathic pain after cardiac surgeries, particularly following sternotomy, is challenging 
to manage with opioids due to side effects and limited efficacy. The Erector Spinae Plane Block (ESPB), introduced in 2016, 
offers promising analgesia by reducing postoperative pain and opioid use. However, further trials are needed to validate its 
efficacy and safety. The objective of this study was evaluate the efficacy of the ESPB compared to conventional analgesia in 
controlling postoperative pain and reducing opioid consumption in cardiac surgeries.
CONTENTS: This systematic review and meta-analysis adhered to PRISMA guidelines. A comprehensive literature search was 
conducted in PubMed, SCOPUS, Cochrane, EMBASE, and Web of Science. Eligible studies included clinical trials examining 
the use of ESPB in cardiac surgeries. A total of 8 clinical studies met the inclusion criteria. Data analysis was performed 
using Review Manager (RevMan), with heterogeneity assessed by the I2 index. ESPB significantly reduced Intensive Care Unit 
(ICU stay (-27.10 hours, 95% CI: -27.21, -26.99) and intraoperative fentanyl consumption (-17.16 mg morphine-equivalent, 
95% CI: -17.43, -16.88). Pain scores also showed notable reductions, particularly at the 4th hour post-extubation (-1.51, 
95% CI: -1.98, -1.05) and the 6th hour (-0.67, 95% CI: -1.10, -0.25). Mean arterial pressure and heart rate showed no significant 
differences between the groups.
CONCLUSION: ESPB shows promise in reducing postoperative pain, fentanyl use, extubation time and ICU stay in cardiac 
surgery. However, due to study heterogeneity, further randomized controlled trials are necessary to establish consistent 
recommendations.
KEYWORDS: Analgesia, Cardiac surgery, Erector spinae plane bloc, ERAS (Enhanced Recovery After Surgery), Perioperative,, 
Systematic review.

RESUMO

JUSTIFICATIVA E OBJETIVOS: A dor neuropática após cirurgias cardíacas, especialmente esternotomias, é de difícil manejo 
com opioides, devido à sua eficácia limitada e aos efeitos adversos. O bloqueio do plano do músculo eretor da espinha 
(ESPB), descrito em 2016, surge como uma alternativa promissora por reduzir a dor pós-operatória e o consumo de opioides. 
Este estudo teve como objetivo avaliar a eficácia do ESPB em comparação à analgesia convencional no controle da dor e na 
redução do uso de opioides em cirurgias cardíacas.
CONTEÚDO: Esta revisão sistemática com meta-análise seguiu as diretrizes PRISMA. A busca bibliográfica foi realizada nas 
bases Pubmed, SCOPUS, Cochrane, EMBASE e Web of Science. Foram incluídos ensaios clínicos avaliando o uso do ESPB em 
cirurgias cardíacas. Oito estudos clínicos preencheram os critérios de inclusão. A análise estatística foi realizada no Review 
Manager (RevMan), e a heterogeneidade foi avaliada pelo índice I2. O ESPB reduziu significativamente o tempo de internação 
em Unidade de Terapia Intensiva (UTI) (-27,10 horas; IC 95%: -27,21 a -26,99) e o consumo intraoperatório de fentanil (-17,16 mg 
equivalentes de morfina; IC 95%: -17,43 a -16,88). As escalas de dor também apresentaram reduções relevantes, especialmente 
na 4ª hora (-1,51; IC 95%: -1,98 a -1,05) e na 6ª hora (-0,67; IC 95%: -1,10 a -0,25) após a extubação. Pressão arterial média e 
frequência cardíaca não apresentaram diferenças significativas entre os grupos.
CONCLUSÃO: O ESPB demonstrou potencial para reduzir dor pós-operatória, consumo de fentanil, tempo de extubação e de 
internação em unidade de terapia intensiva em cirurgias cardíacas. No entanto, devido à heterogeneidade metodológica e 
ao risco de viés dos estudos incluídos, são necessários ensaios clínicos randomizados com maior rigor para confirmar esses 
achados e orientar recomendações clínicas consistentes.

DESCRITORES: Analgesia, Bloqueio do músculo eretor da espinha, Cirurgia cardíaca, ERAS (Recuperação Intensificada no 
Pós-operatório), Perioperatório, Revisão sistemática.
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INTRODUCTION

Neuropathic pain in the postoperative period of cardiac 
surgeries, such as coronary artery bypass grafting (CABG), can 
be particularly challenging to manage conventional analgesics, 
including opioids. Studies suggest that dysesthesia, a form of 
neuropathic pain, is common following sternotomy and is 
associated with the severity of postoperative pain, indicating that 
it may not be adequately relieved by opioids1. Furthermore, the 
literature emphasizes that persistent postoperative pain, which may 
have a neuropathic component, affects a significant proportion 
of patients after cardiac surgery2.

Opioid analgesics, widely used for managing acute and chronic 
pain, are associated with a range of side effects that can limit their 
clinical application. Common adverse effects include constipation, 
nausea, vomiting, dizziness, and drowsiness3-5. Moreover, opioids 
can cause respiratory depression, a potentially fatal complication 
considered one of the primary risks associated with their use6.

The American College of Cardiology Foundation and the 
American Heart Association highlight that thoracic epidural 
anesthesia can improve postoperative pulmonary outcomes, but 
its use must be carefully considered, weighing potential benefits 
against risks. Epidural hematoma formation is a significant concern, 
particularly in patients requiring systemic anticoagulation during 
surgery, with an estimated incidence ranging from 1/1,500 to 
1/10,0007. Another possible complication is sympathetic blockade, 
resulting in significant hypotension, which can be particularly 
problematic in patients with compromised cardiac function8.

The Erector Spinae Plane Block (ESPB) was first described 
in 20169 as a regional anesthesia technique to provide thoracic 
analgesia. The technique involves injecting a local anesthetic 
into the fascial plane deep to the erector spinae muscle near the 
transverse process of the thoracic vertebrae, allowing for the spread 
of the anesthetic across multiple vertebral levels.

ESPB has been investigated as a perioperative analgesia modality 
in cardiac surgeries with sternotomy. Studies suggest that ESPB 
may reduce postoperative pain and opioid consumption, enhancing 
patient recovery. For example, a meta-analysis10 demonstrated that 
ESPB significantly reduced pain scores in the first 12 hours post-
extubation and decreased opioid consumption within 24 hours 
post-surgery. Another study showed that ESPB reduced the need 
for rescue analgesia and mechanical ventilation time11. However, 
the efficacy of ESPB compared to other analgesic techniques, 
such as Thoracic Epidural Analgesia (TEA), remains debated. A 
study12 compared ESPB with TEA and found that ESPB provided 
comparable analgesia with fewer complications.

While ESPB shows promise as an effective analgesic technique 
in cardiac surgeries with sternotomy, current literature indicates 
the need for more high-quality randomized controlled trials to 
validate these findings and establish robust clinical guidelines10,12,13.

This systematic review with meta-analysis primarily aims 
to evaluate the efficacy of ESPB in postoperative pain control 
in cardiac surgery, as assessed by Visual Analogue Scale (VAS) 
and Numeric Rating Scale (NRS) at 4, 6, and 12 hours post-
extubation. Patient age and body mass index (BMI) were 
also evaluated to understand the homogeneity of the studied 
populations. Secondary outcomes included intraoperative 
fentanyl consumption, extubation time, length of intensive care 
unit (ICU) stay and intraoperative hemodynamic.

The present study’s objective was to evaluate the efficacy 
of the ESPB compared to conventional analgesia in controlling 
postoperative pain and reducing opioid consumption in 
cardiac surgeries.

CONTENTS

This systematic review followed the methodological protocol 
based on PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) guidelines. The search and data 
analysis were conducted by using Pubmed, SCOPUS, Cochrane, 
and EMBASE databases from January to July 2024. The search 
terms used were: (“Spinae Plane Block”) AND (“Cardiac surgery” 
OR “Cardiac surgeries” OR “Coronary bypass” OR “Coronary 
artery bypass”).

First, inclusion and exclusion criteria were defined for 
the selected studies. Articles discussing the use of ESPB as an 
analgesic technique in cardiac surgeries, with outcomes related 
to postoperative pain and opioid consumption in patients over 18 
years old, were included. Studies involving other types of surgeries 
or analgesic techniques, as well as non-original articles such as 
narrative reviews, letters to the editor, and editorials, were excluded.

The database search yielded an initial set of 149 studies, which 
underwent screening (Figure 1).

A total of 141 studies were excluded for not meeting eligibility 
criteria leaving 8 clinical trials. The initial screening was based 
on titles and abstracts, followed by full-text reading to determine 
eligibility. Two independent reviewers assessed the selected studies 
to ensure accuracy and consistency in applying the inclusion and 
exclusion criteria. Any discrepancies between reviewers were 
resolved by consensus or by the intervention of a third reviewer.

HIGHLIGHTS

• This systematic review and meta-analysis evaluated the effectiveness of the erector spinae plane block (ESPB) in cardiac 
surgeries with sternotomy, focusing on postoperative pain control and opioid reduction

• ESPB significantly reduced pain scores at 4, 6, and 12 hours post-extubation, intraoperative fentanyl use, extubation 
time, and ICU stay

• Despite promising results, the quality of evidence was moderate to low, and current data do not support the routine use 
of ESPB; further high-quality randomized trials are needed
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heterogeneity of the included studies, measured by the I2 index. 
The meta-analysis was performed to combine the results of the 
selected studies and generate overall effect estimates. Forest plots 
were produced to visualize the meta-analysis results, showing 
the effect estimates of each individual study and the combined 
estimate. Additionally, RevMan was used to perform sensitivity 
analyses, which helped assess the robustness of the results by testing 
how excluding certain studies or altering analytical parameters 
impacts the overall results.

Publication bias tests, such as Egger’s funnel plot, were also 
conducted to identify and assess the presence of publication bias 
in the included studies.

RESULTS

Age is often a critical confounding factor in medical studies. 
When study and control groups have significantly different 
mean ages, this disparity can impact outcomes of interest, such 
as postoperative pain, recovery time, and treatment response. To 
address this, this meta-analysis included a comparison of the age 
heterogeneity among patients (Figure 2).

For instance, a study11 reported a mean age difference of -0.70, 
with a 95% confidence interval (CI) of [-3.60, 2.20], suggesting that 
the average age in their study group is not significantly different 
from that in the comparison groups. Similarly, another study12 
showed a mean age difference of 2.05 with a 95% CI of [-3.27, 
7.37], indicating no significant difference in mean age. Conversely, 
a third study14 had a mean age difference of -8.10 with a 95% CI 
of [-16.40, 0.20], suggesting a trend towards younger ages in the 
study group, although the confidence interval still includes the 
possibility of no difference.

A study15 presented a mean age difference of 1.10 with a 95% 
CI of [-2.12, 4.32], again indicating no significant difference 
in mean age. Another study16, however, reported a statistically 
significant mean age difference of -1.30 with a 95% CI of [-1.93, 
-0.67], suggesting that the study group was slightly younger than 
the comparison group. Similarly, other study17 reported a mean 
age difference of -5.12 with a 95% CI of [-14.79, 4.55], indicating 
a trend towards younger ages in the study group, though the 
confidence interval also includes the possibility of no difference. 
A study18 showed a mean age difference of 4.10 with a 95% CI 
of [-1.31, 9.51], indicating no significant difference in mean age.

Finally, another study19 reported a mean age difference of 
0.85 with a 95% CI of [-2.39, 4.09], again showing no significant 
difference in mean age. The combined mean age difference across 
all studies was -1.07, with a 95% CI of [-1.65, -0.48], suggesting a 
statistically significant difference, with a trend towards younger 
ages in the study groups overall. The heterogeneity analysis 
yielded a Chi2 value of 11.91 with 7 degrees of freedom (p=0.10) 
and an I2 value of 41%. The I2 statistic indicates moderate 
heterogeneity among the studies, suggesting that approximately 
41% of the variation between studies is due to real differences 
rather than chance.

In addition to age, this meta-analysis evaluated the effects of 
various interventions on BMI. The individual study results varied 
(Figure 2). A study14, contributing 10.2% to the meta-analysis weight, 

After the final selection of studies relevant data were extracted, 
including study characteristics, intervention methods, outcomes 
of interest, and main results. These data were organized into a 
data extraction table to facilitate comparative analysis. The risk 
of bias of the included studies was assessed using the RoB 2 (Risk 
of Bias 2.0) tool developed by the Cochrane Collaboration, which 
evaluates five domains of bias in randomized clinical trials. 
Tables 1 and 2 summarize the studies used in the meta-analysis. 
Ethical approval and informed consent were not required for this 
study as it did not involve human or animal subjects.

The risk of bias for the included randomized trials was 
assessed using the Cochrane RoB 2 tool. Table 3 summarizes the 
evaluation across five domains. While some studies presented low 
risk in all domains, others had concerns or high risk related to 
performance bias and lack of blinding, particularly in subjective 
outcomes such as pain scores.

Statistical analysis

The statistical analysis involved organizing the data in Microsoft 
Excel and performing the meta-analysis using Review Manager 
(RevMan) software. Initially, all data extracted from the included 
studies were entered into an Excel spreadsheet, which contained 
columns for study data, including author, year of publication, 
number of participants, characteristics of the intervention and 
control groups, outcomes of interest (such as postoperative pain 
levels and opioid consumption), and other pertinent variables.

For the RevMan, the statistical analysis was configured using 
fixed or random effects models, as appropriate, based on the 

Figure 1. Studies selection. Flow diagram of the study selection process. 
Out of 149 records, 6 duplicates were removed and 128 excluded by 
qualitative analysis, resulting in 15 articles reviewed and 8 included in 
the meta-analysis.
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reported a mean difference of -1.90 (95% CI: -4.23 to 0.43). Another 
study18, contributing 9.9% to the weight, showed a mean difference of 
-1.30 (95% CI: -3.66 to 1.06). A study19, with the largest contribution 
of 62.0%, reported a mean difference of -0.11 (95% CI: -1.05 to 0.83). 
Another study11, contributing 17.9%, revealed a mean difference of 
0.50 (95% CI: -1.26 to 2.26). The combined mean difference across 

all studies was -0.30 (95% CI: -1.04 to 0.44), with low heterogeneity 
indicated by a Chi2 value of 3.46, df = 3 (p=0.33) and an I2 of 13%, 
suggesting that variations among the studies were small and not 
statistically significant.

Moreover, pain scores at the 4th hour post-extubation were 
analyzed across the study groups, with negative values favoring 

Table 1. Studies used in the meta-analysis (I).

References Athar et al.10 Bhat et al.11 Krishna et al.13 Nagaraja et al.14

Titles

A Randomized Double-
Blind Controlled Trial 
to Assess the Efficacy 
of Ultrasound-Guided 
Erector Spinae Plane 

Block in Cardiac 
Surgery

To Evaluate the 
Analgesic Effectiveness 

of Bilateral Erector 
Spinae Plane Block 

Versus Thoracic 
Epidural Analgesia in 

Open Cardiac Surgeries 
Approached Through 
Midline Sternotomy

Bilateral Erector Spinae Plane 
Block for Acute Post-Surgical 
Pain in Adult Cardiac Surgical 

Patients: A Randomized 
Controlled Trial

Comparison of continuous 
thoracic epidural analgesia with 

bilateral erector spinae plane 
block for perioperative pain 

management in cardiac surgery

Study Type

Prospective, 
randomized, double-
blind, single-center 

clinical trial.

RCT, single-center RCT, prospective, single-center Prospective RCT, single-center

Year of 
Publication 2021 2024 2019 2018

Pain Scale VAS VAS NRS NRS

Population

30 patients (18-60 y/o, 
BMI 19-30 kg/m2), both 

genders, underwent 
elective cardiac 

surgeries (single-
vessel CABG or valve 

replacement) under GA.

74 adults undergoing 
open cardiac 

surgery with median 
sternotomy

106 adults undergoing elective 
cardiac surgery with CPB

50 patients undergoing elective 
cardiac surgery

Intervention 
Group

The intervention group 
(Group E) received 
bilateral ESPB with 

20 mL of 0.25% 
levobupivacaine per 

side.

ESP block, bilateral
53 patients: bilateral ESP block 
with 0.375% ropivacaine 3 mg/

kg at T6
Group B: ESP block, bilateral

Control Group

The control group 
(Group C) received a 

sham block with 20 mL 
of normal saline per 

side.

Thoracic epidural (TEA)
53 patients: IV paracetamol (1 g 

q6h) + tramadol (50 mg q8h) 
post-operative

Group A: Continuous TEA

Conclusion

ESPB reduced postop 
analgesic needs, 

improved pain control 
vs. sham block. ESPB 

group: lower analgesic 
use, longer time to 
rescue analgesia, 

better Ramsay sedation 
scores post-extubation. 

No significant 
difference in PONV or 
other complications.

ESP is an effective and 
safe alternative to TEA 

in open cardiac surgery, 
showing trends toward 
lower analgesic needs, 

better safety profile, 
faster recovery, and 
fewer complications 
(e.g., arrhythmias) 
compared to TEA.

ESP block showed better pain 
control, less analgesic use, and 
fewer side effects compared to 

IV paracetamol + tramadol.

ESP is a viable alternative to TEA 
for perioperative analgesia in 

cardiac surgery, with similar VAS 
scores at 12h post-extubation 
and lower at 48h. ESP showed 
better outcomes in recovery, 
vent weaning, and ICU stay.

Summary of the main characteristics of the clinical trials included in the meta-analysis, including design, interventions, control groups, pain scales, and outcomes.
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ESPB. A study16 provided data that could not be estimated. 
Another study19 reported a weight of 0.9% and a pain difference of 
-0.72 (95% CI: [-5.66, 4.22]), showing no significant difference. A 
study11 had a weight of 3.1% and a pain difference of -1.43 (95% CI: 
[-4.04, 1.18]), also with no significant difference. Another study14 
showed a weight of 26.9% and a pain difference of -2.10 (95% CI: 
[-2.99, -1.21]), indicating a significant difference favoring ESPB. 
A study presented a pain difference of -1.30 (95% CI: [-1.86, 
-0.74]), again favoring ESPB. The combined pain difference 
was -1.51 (95% CI: [-1.98, -1.05]), indicating a significant pain 
reduction in the ESPB group. Heterogeneity was low, with a Chi2 of 
2.32, df = 3 (p=0.51) and an I2 of 0%. It is noteworthy that data 
from a study17 could not be calculated as the mean and standard 
deviation for the ESPB group were zero (Figure 3A).

By the 6th hour post-extubation, pain differences between 
study groups showed the following results (Figure 3B). A 
study11 reported a weight of 27.2% and a pain difference 
of -1.14 (95% CI: [-1.95, -0.33]), indicating a significant 
reduction in pain favoring ESPB. Another study14 contributed 
20.2% to the weight with a pain difference of -1.80 (95% CI: 
[-2.74, -0.86]), also indicating a significant reduction in pain 
favoring ESPB. A study17 had a weight of 52.5% and a pain 
difference of 0.00 (95% CI: [-0.59, 0.59]), showing no significant 
difference between the groups. The combined pain difference 
was -0.67 (95% CI: [-1.10, -0.25]), indicating a significant 
reduction in pain in the ESPB group. However, heterogeneity 
was high, with a Chi2 of 11.81, df = 2 (p=0.003) and an I2 of 
83%, suggesting considerable variability among the studies.

Table 2. Studies used in the meta-analysis (II).

References Güven et al.15 Kodali et al.16 Öğür et al.17 Wasfy et al.18

Titles

Postoperative analgesic 
effectiveness of bilateral 

erector spinae plane 
block for adult cardiac 
surgery: a randomized 

controlled trial

A Comparative Study of 
Bilateral Erector Spinae 

Block Versus Intravenous 
Dexmedetomidine 

for Perioperative Pain 
Management in Patients 

Undergoing Off-Pump 
Coronary Artery Bypass 
Grafting - A Single-Blind 
Randomized Controlled 

Trial

Comparison of Intra- 
and postoperative 

effectiveness of erector 
spinae plane block 

and patient controlled 
analgesia in patients 
undergoing coronary 
artery bypass grafting 

surgery

Bilateral continuous 
erector spinae block 
versus multimodal 

intravenous analgesia in 
coronary bypass surgery

Study Type RCT, single-center RCT, single-blind, 
single-center

Prospective, randomized, 
controlled trial, 

single-center

Prospective, randomized, 
controlled trial, 

single-center

Year of Publication 2022 2023 2022 2021

Pain Scale VAS NRS VAS VAS

Population

66 patients undergoing 
various cardiac surgeries 
(e.g., CABG, ASD repair, 

valve replacement)

158 patients undergoing 
off-pump CABG

40 patients undergoing 
thoracic surgery

60 patients undergoing 
CABG with sternotomy

Intervention Group Bilateral ESP block 
guided by ultrasound Group E: ESP block ESP block guided by 

ultrasound
Continuous bilateral ESP 

block during CABG

Control Group No ESP block; GA only Group D: IV 
dexmedetomidine

Standard care with 
NSAIDs, no ESP block

IV analgesia (opioids + 
standard protocol)

Conclusion

Bilateral ESP significantly 
reduced opioid use and 
improved pain scores in 
the first 8 hours post-op 
compared to GA alone. 
ESP also shortened ICU 
stay, reduced nausea/
vomiting, and had a 

low complication rate, 
making it a safe and 

effective option in cardiac 
surgeries.

ESP provided better 
postop pain relief, lower 

fentanyl use, and less 
rescue analgesia vs. IV 

dexmedetomidine. ESP 
also led to shorter ICU 
stay and delayed need 
for rescue analgesia. 

Both methods reduced 
pain, but ESP resulted 

in lower opioid use, 
improving postop pain 

management.

ESP block effectively 
reduced postop pain, 
lowered opioid use, 

and improved recovery 
outcomes. ESP was 

associated with better 
pain control and fewer 

complications compared 
to standard care, making 

it a strong alternative 
for postop pain 
management.

Continuous bilateral ESP 
during CABG effectively 

reduced postop pain, 
opioid use, and improved 

recovery outcomes, 
leading to shorter 

ICU stay and better 
respiratory function. ESP 
may be a superior option 
for reducing opioids and 

enhancing recovery.

Summary of additional clinical trials included in the meta-analysis, detailing study design, patient populations, interventions, comparators, and key findings 
regarding ESPB efficacy.
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Table 3. Risk of Bias Assessment (RoB 2) for Included Randomized Clinical Trials.

Studes Domain 1: 
Randomization

Domain 2: 
Deviations from 

Interventions

Domain 
3: Missing 

Outcome Data

Domain 4: 
Outcome 

Measurement

Domain 5: 
Selection 

of Reported 
Results

Overall RoB

Athar et al.11 Low risk Low risk Low risk Low risk Low risk Low risk

Bhat et al.12 Low risk Some concerns Low risk Some concerns Low risk Some concerns

Güven et al.14 Some concerns Low risk Low risk Low risk Low risk Some concerns

Kodali et al.15 Low risk Some concerns Low risk Some concerns Low risk Some concerns

Krishna et al.16 Low risk Some concerns Low risk Some concerns Low risk Some concerns

Nagaraja et al.17 Some concerns High risk Low risk High risk Low risk High risk

Oğur et al.18 Some concerns High risk Low risk High risk Low risk High risk

Wasfy et al.19 Low risk High risk Low risk Some concerns Low risk Some concerns

The risk of bias was assessed using the Cochrane Risk of Bias 2.0 (RoB 2) tool, which evaluates five domains: randomization process, deviations from intended 
interventions, missing outcome data, measurement of the outcome, and selection of the reported result. Studies were categorized as “low risk”, “some concerns”, 
or “high risk” according to Cochrane guidelines.

Figure 2. (A) Age and (B) body mass index analysis.
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Figure 3. Pain at the (A) 4th, (B) 6th and (C) 12th hour and (D) intraoperative fentanil.
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At the 12th hour post-extubation (Figure 3C). A study11 
presented a weight of 8.8% and a pain difference of 1.13 (95% 
CI: [0.04, 2.22]), indicating a significant increase in pain in the 
ESPB group. Another study14 had a weight of 14.0% and a pain 
difference of -0.10 (95% CI: [-0.96, 0.76]), showing no significant 
difference between groups. A study17 contributed 25.5% with a 
pain difference of -0.24 (95% CI: [-0.88, 0.40]), again showing no 
significant difference. Another study17 showed a weight of 51.7% 
and a pain difference of -1.00 (95% CI: [-1.45, -0.55]), indicating 
a significant reduction in pain favoring ESPB. The combined pain 
difference was -0.49 (95% CI: [-0.81, -0.17]), suggesting a slight 
but significant reduction in pain in the ESPB group. Heterogeneity 
was high, with a Chi2 of 14.95, df = 3 (p=0.002) and an I2 of 80%, 
indicating considerable variability among the studies.

The meta-analysis compared intraoperative fentanyl 
consumption (Figure 3D), converted to its morphine-equivalent 
dose in milligrams, between the ESPB group and the control group 
across seven studies. The results showed that the mean difference 
in morphine-equivalent fentanyl consumption significantly favored 
the ESPB group, with an overall weighted mean difference of 
-17.16 mg (95% CI: -17.43 to -16.88; p<0.00001). This conversion 
was performed to standardize the comparison, as 100 µg of fentanyl 
is approximately equivalent to 10 mg of morphine. Data indicates 
a substantial reduction in intraoperative opioid requirements in 
patients who received ESPB. Although heterogeneity was very 
high (I2 = 100%), likely due to differences in methodologies and 

patient populations, the pooled analysis robustly supports the 
efficacy of ESPB in reducing intraoperative opioid consumption.

A study16 contributed the majority of the weight in the meta-
analysis (99.4%), showing a mean difference of -39.53 minutes 
with a 95% CI of [-40.32, -38.74], suggesting a consistent and 
highly significant reduction in extubation time. However, another 
study17 reported a mean difference of 3.80 minutes with a 95% 
CI of [-25.80, 33.40], indicating a non-significant variation and 
possibly no difference in extubation time. The combined mean 
difference in extubation time was -39.46 minutes with a 95% CI 
of [-40.25, -38.68], showing a significant reduction. However, 
heterogeneity among the studies was high, with a Chi2 of 35.21, 
df = 3 (p<0.00001) and an I2 of 91%. This indicates considerable 
variability among the studies, which could be due to different clinical 
practices, types of surgery, or patient characteristics (Figure 4A).

The ICU stay duration analysis in patients undergoing cardiac 
surgery showed that ESPB significantly reduced ICU stay, with 
an overall mean difference of -27.10 hours (95% CI: -27.21 to 
-26.99; p<0.00001). Individual studies consistently supported this 
finding14,15,17,19, reporting shorter ICU stays in the ESPB group, 
while a study16 showed the largest reduction (42.17 vs. 69.34 
hours). Despite high heterogeneity (I2 = 99%), the results strongly 
indicate ESPB’s effectiveness in reducing ICU stay, accelerating 
recovery, and improving outcomes (Figure 4B).

The intraoperative Heart Rate (HR) results at T1, T2, and T3 
demonstrate no statistically significant differences between the 

Figure 4. (A) Extubation time and (B) Length of Intensive Care Unit stay.
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ESPB and Control groups across the evaluated time points. At T1, 
representing baseline heart rate, the standardized mean difference 
(SMD) was 0.12 (95% CI: [-0.18, 0.43]), indicating comparable 
baseline HR values in both groups prior to the start of surgical 
procedures (Figure 5A). Following this, at T2, measured after 
sternotomy, SMD was -0.26 (95% CI: [-0.57, 0.05]), suggesting a 
trend toward a lower heart rate in the ESPB group compared to 
the control group; however, the confidence interval crossed zero, 
highlighting that the observed difference was not statistically 
significant (Figure 5B). Finally, at T3, corresponding to the end 
of surgery, SMD was 0.04 (95% CI: [-0.27, 0.34]), reflecting a 
negligible and statistically insignificant difference in HR between 
the groups (Figure 5C). Overall, the results across these times 
consistently show that the ESPB and control groups exhibited 

similar intraoperative heart rate patterns, with no meaningful 
distinctions observed.

The meta-analysis evaluated mean arterial pressure (MAP) 
at three time points: baseline (T1), after sternotomy (T2), and at 
the end of surgery (T3). At baseline (T1), SMD was 0.00 (95% 
CI: -0.31 to 0.31; p = 0.99), indicating no significant difference 
between the ESPB and control groups, with low heterogeneity (I2 = 
29%) (Figure 6A). After sternotomy (T2), the overall SMD was 
0.09 (95% CI: -0.26 to 0.43; p=0.62), also showing no significant 
difference, although high heterogeneity (I2 = 97%) reflected 
variability in the results (Figure 6B). At the end of surgery (T3), 
SMD was -0.26 (95% CI: -0.57 to 0.05; p=0.10), again showing 
no significant difference, with low heterogeneity (I2 = 12%) 

Figure 5. Heart rate (A) baseline, (B) after sternotomy and (C) at the end of surgery.
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at the 4th, 6th, and 12th hours post-extubation. Additionally, 
there was a reduction in intraoperative fentanyl use and a shorter 
extubation time for patients who received the block.

The pathophysiology behind the reduced intraoperative 
opioid consumption is attributed to the ESPB blocking spinal 
nerves and dorsal branches, resulting in effective analgesia in the 
thoracic region. This leads to a lower perceived pain intensity by 
patients, which in turn reduces the need for the administration 
of opioids such as fentanyl20-22. This reduction may enhance the 
decrease in postoperative opioid use through the mechanism of 
opioid-induced hyperalgesia (OIH).

OIH is a well-documented phenomenon where opioid 
administration, such as fentanyl, paradoxically increases pain 
sensitivity. Several studies demonstrate this effect and explore its 

(Figure 6C). These findings suggest that ESPB has no consistent 
impact on MAP at any of the evaluated time points, with results 
remaining comparable to the control group throughout.

DISCUSSION

This systematic review has provided insights into the use of 
ESPB for postoperative pain management in cardiac surgeries. 
While locoregional blocks are already recommended by the 
Enhanced Recovery After Surgery (ERAS) protocol for various 
surgeries, the lack of consistent evidence has hindered the formal 
recommendation of ESPB for cardiac procedures. This analysis 
demonstrates that ESPB offers significant benefits in pain control 

Figure 6. (A) Mean arterial pressure baseline, (B) after sternotomy and (C) at the end of surgery.
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confidence in the estimated effect and underscore the need for 
cautious interpretation of the results.

Overall, despite the favorable outcomes of ESPB in terms 
of pain relief and opioid reduction, further research is essential 
to strengthen the evidence base. Future studies should focus 
on standardized methodologies and consistent comparisons to 
enable the formal incorporation of ESPB into pain management 
protocols for cardiac surgeries.

CONCLUSION

Thus, this systematic review highlighted the potential benefits 
of ESPB in managing postoperative pain in cardiac surgeries, 
including significant reductions in pain scores at 4, 6, and 12 hours 
post-extubation, decreased intraoperative fentanyl use, and shorter 
extubation times. Therefore, despite promising results, the overall 
quality of evidence is considered moderate to low, and current data 
do not support the routine use of ESPB in cardiac surgery. High-
quality randomized clinical trials with standardized methodologies 
are needed to confirm these findings and support the incorporation 
of ESPB into enhanced recovery protocols for cardiac surgery.
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