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Abstract. – OBJECTIVE: Breast cancer, a 
prevalent global malignancy in women, necessi-
tates a comprehensive treatment approach, with 
surgery playing a crucial role. Severe acute pain 
is common post-radical breast cancer surgery, 
emphasizing the significance of hemodynamic 
stability and postoperative pain control for op-
timal outcomes. This study evaluates the impact 
of ultrasound-guided erector spinae plane block 
(ESPB) on these parameters in ASA scores 1-2 
patients undergoing modified radical breast 
cancer surgery with general anesthesia. 

PATIENTS AND METHODS: Forty-eight pa-
tients were divided into two groups: a gener-
al anesthesia group, with erector spinae plane 
block (GA+ESPB), and a control group receiv-
ing only general anesthesia (GA). Hemodynam-
ic parameters were continuously monitored, and 
postoperative pain was assessed using the visu-
al analog scale (VAS) at various time points. 

RESULTS: Ultrasound-guided ESPB effec-
tively maintained hemodynamic stability and 
reduced postoperative pain in breast cancer 
surgery patients. Statistically significant dif-
ferences were observed in heart rate, systolic 
and diastolic blood pressure, and mean arterial 
pressure between the GA and GA+ESPB groups 
at multiple time points (p < 0.05). VAS scores 
showed a significant interaction time*group (p < 
0.001), with consistent differences between the 
groups at all time points (p ≤ 0.001). 

CONCLUSIONS: Ultrasound-guided ESPB 
application proved effective in preserving hemo-
dynamic stability and managing postoperative 
pain in modified radical breast cancer surgery. 
The technique demonstrates promise in mini-
mizing complications related to hemodynamic 
variations and postoperative pain, contributing 
to a comprehensive approach to breast cancer 
surgical treatment.

Key Words: 
Erector spinae plane block, Regional anesthesia, Ul-

trasonography, Hemodynamic stability, Postoperative 
pain control, Breast cancer surgery.

Introduction

Breast cancer represents the most common form 
of malignant tumor among women worldwide. 
This complex disease requires a comprehensive 
approach to treatment, with surgical intervention 
standing as a key component of therapy1,2. Surgi-
cal procedures often induce varying levels of pain 
during the operation and in the postoperative pe-
riod, with approximately 60% of women undergo-
ing radical surgery for breast cancer experiencing 
intense acute pain3. Ignoring or lacking proper 
treatment for this pain may open the door to long-
term chronic pain that persists for years4,5. The 
lack of effective pain control during surgery and 
the recovery period is a significant factor directly 
influencing the increased incidence of postoper-
ative complications6. Opioid analgesics alleviate 
pain but, on the other hand, come with undesir-
able side effects such as nausea, vomiting, drows-
iness, and respiratory depression. Therefore, the 
combination of general and regional anesthesia as 
additional multimodal analgesia for controlling 
intraoperative and postoperative pain is consid-
ered more effective compared to using only gen-
eral anesthesia for breast cancer surgeries7.

In the context of surgical treatment for breast 
cancer, various regional anesthesia techniques are 
widely applied to reduce intraoperative and post-
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operative pain8. These techniques include epi-
dural, paravertebral, and intercostal blocks, but 
each carries certain risks and drawbacks9-11. In 
contrast, the erector spinae plane block provides 
adequate analgesia for multiple dermatomes with 
just one needle puncture and the application of 
local anesthetic, with minimal risk of complica-
tions. The first described technique, namely the 
erector spinae plane block (ESPB), dates back to 
2016 by Forero et al12, presenting an innovative 
method of interfascial block carefully performed 
under ultrasound guidance. Initially used for tho-
racic neuropathic pain, ESPB is now increasingly 
applied in surgeries on the chest and abdomen. 
This block involves the precise application of lo-
cal anesthetic between the transverse processes of 
the vertebrae and the erector spinae muscle. Com-
pared to similar techniques, ESPB stands out for 
its simple education, application, low risk of com-
plications, prolonged analgesia of up to 24 hours, 
and good patient tolerance12-15. A meta-analysis16 
involving 85 publications with a total of 242 pa-
tients confirmed all these advantages of ESPB 
when performed as part of multimodal analgesia 
for surgical interventions on the chest and abdo-
men. In addition to the ESPB block, PECS 1 (pec-
toralis major and minor muscle block) and PECS 
2 (modified PECS 1 block) blocks are becoming 
more prevalent in their application as components 
of multimodal analgesia during breast cancer sur-
geries. PECS blocks have demonstrated17 excep-
tional effectiveness in pain control, both when 
used independently and in conjunction with gen-
eral anesthesia.

Hemodynamic stability and adequate fluid 
therapy during surgical interventions are crucial 
for optimal postoperative outcomes18,19. Hemody-
namic instability is a relatively common clinical 
occurrence during surgical procedures, and pro-
nounced hypotension can lead to organ ischemia, 
increasing the risk of postoperative complica-
tions20,21. 

Maintaining stability in blood pressure, pulse, 
and other hemodynamic parameters directly in-
fluences the reduction of risks associated with 
intraoperative and postoperative complications22. 
Hemodynamic control not only improves patient 
safety during the surgical procedure but also con-
tributes to faster recovery after surgery. Previ-
ous experiences highlight significant challenges 
during the intraoperative and postoperative peri-
ods in patients undergoing breast surgeries with-
out adequate analgesia. Analyzing these chal-
lenges has made it clear that providing adequate 

analgesia during and after the surgical procedure 
is necessary to enhance the overall well-being 
of patients. While there is literature support for 
the effectiveness of ESPB in pain control, studies 
examining the impact of ESPB on hemodynamic 
stability during breast surgeries are scarce in the 
literature. The lack of analysis on this topic cre-
ates a gap in knowledge. Nevertheless, it is pre-
sumed that the application of ESPB could contrib-
ute to better hemodynamic stability during breast 
surgeries due to the reduction of surgical stress. 
Our research on this correlation is challenging 
due to the limited number of relevant studies in 
literature.

The study aimed to evaluate the effects of 
ultrasound-guided erector spinae plane block 
(ESPB) on hemodynamic stability and postopera-
tive pain control in patients undergoing modified 
radical surgery for breast cancer under general 
anesthesia. Additionally, it aimed to investigate 
the impact of ESPB on perioperative opioid and 
anesthetic consumption.

 
Patients and Methods

Study Design
In our prospective comparative study, 48 fe-

male patients aged 50-65 undergoing modified 
radical surgery for breast cancer due to a breast 
tumor were included. Limiting the sample to the 
age group of 50-65 was aimed at reducing vari-
ability among participants, striving to achieve 
homogeneity in biological and physiological char-
acteristics, including hormonal status related to 
the population. The study was conducted at the 
Clinic for Anesthesia and Intensive Therapy and 
the Clinic for Endocrine Surgery at the University 
Clinical Center in Niš. This study was conducted 
in accordance with the 2013 Helsinki Declaration; 
the study protocol was approved by the Ethics 
Committee of the University Clinical Center Niš, 
with reference number 35797/4, and registered 
with ISRTN reference number ISRCTN16469348. 
Written informed consent was obtained from all 
patients at least 24 hours prior to participation. A 
consecutive series of patients operated on from 
January 2023 to October 2023 were included in 
the study after signing informed consent forms. 

Study Groups
The study included two groups. Patients were 

randomly assigned to two groups in an alternate 
sequence 1, 2. The first group (GA group) un-
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derwent general anesthesia during the surgical 
procedure, while the second group (GA+ESPB), 
in addition to general anesthesia, received an ul-
trasound-guided erector spinae plane block before 
the induction of anesthesia.

Inclusion and Exclusion Criteria
Inclusion criteria for the study were as follows: 

female patients with confirmed breast cancer 
aged 50 to 65 years, indication for radical surgery 
for breast cancer, and an American Society of 
Anesthesiologists (ASA) score of 1-2. Exclusion 
criteria included the refusal of the patient to par-
ticipate in the study, unsuccessful administration 
of the erector spinae plane block (ESPB), known 
allergy to the used drugs, local infection at the in-
jection site, who were unable to cooperate, or who 
were deemed to have mental deficits and morbid 
obesity (BMI > 40 kg/m2).

Anesthesia
Before the induction of anesthesia, one group 

of patients received the erector spinae plane block 
under ultrasound guidance. Patients in the group 
receiving the ESPB were positioned on the oper-
ating table in a seated position, as instructed by 
the anesthesiologist. The ESPB procedure was 
performed under ultrasound guidance using the 
SonoScape P10 ultrasound system (SonoScape 
Medical Corp, Shanghai, China), with the ultra-
sound probe longitudinally oriented at the level 
of the spinous process of T4 after moving the 
probe 3 cm laterally from the midline. Ultrasound 
landmarks included the transverse process of the 
T4 vertebra and the erector spinae muscle. After 
ultrasound orientation in aseptic conditions, the 
UPB 50 block needle, 22 G (0.70 mm) x 50 mm 
(Temena Group, Felsberg, Hessen, Germany), was 
inserted at an angle of 30-45° in the cranio-caudal 
direction until the needle tip contacted the trans-
verse process of the T4 vertebra. After hydrodis-
section with 2 ml of isotonic saline, the correct 
needle position was confirmed, and then the an-
esthesiologist injected 30 ml of 0.25% Levobu-
pivacaine deep into the erector spinae muscle. 
After the injection of 30 ml of 0.25% Levobupiv-
acaine, anechoic fluid was detected by the ultra-
sound probe, separating the erector spinae muscle 
from the transverse process of T4, confirming the 
successful execution of the erector spinae plane 
block. In both groups, target-controlled infusion 
(TCI) of intravenous hypnotic TCI Propofol, to-
gether with TCI Remifentanil, was used for gen-
eral anesthesia. The Schneider model effect site 

concentration for TCI Propofol was set at 5 µg/ml 
during induction, 2-3 µg/ml during maintenance, 
and reduced to 0.5 µg/ml during emergence from 
anesthesia. For TCI Remifentanil, the Minto 
model effect site concentration was used, with 
a concentration of 6 ng/ml during induction and 
3-5 ng/ml during anesthesia maintenance. Twen-
ty-five minutes before the completion of the breast 
cancer surgery and awakening from anesthesia, 
patients received 1 g of paracetamol and 30 mg 
of ketorolac. Five minutes before awakening, the 
TCI remifentanil infusion was discontinued. The 
same non-depolarizing neuromuscular relaxant, 
rocuronium bromide, was used for intubation at 
a dose of 0.6 mg/kg BW and a maintenance dose 
of 0.15 mg/kg BW. After the completion of radical 
breast cancer surgery, 0.035 mg/kg neostigmine 
and 0.015 mg/kg atropine were administered for 
the antagonism of any residual neuromuscular 
block. In both groups, monitoring for the assess-
ment of the depth of anesthesia (PSi) and the pa-
tient’s state index was used to ensure an equal 
depth of anesthesia. The RD SedlineTM EEG 
Adult Sensor and Massimo Root Platform Radical 
7 (Root® Platform, Irvine, California, USA) were 
used for this purpose. Mechanical ventilation was 
performed using the Drager Perseus® anesthesia 
machine (Dragerwerk AG&Co, Lübeck, Germa-
ny) for all patients. TCI was executed using Alar-
isTM PK Plus MK4 infusion pumps (CareFusion, 
Basingstoke, Hampshire, UK). Intraoperative 
monitoring included an electrocardiogram (lead 
II and V5), non-invasive blood pressure mea-
surement, pulse oximetry-oxygen saturation, and 
end-tidal carbon dioxide. 

The study involved modified radical breast sur-
geries conducted by the same experienced surgi-
cal team. The administration of the erector spinae 
plane block (ESPB) in each patient was carried 
out by the same skilled anesthesiologist.

Outcomes 
Hemodynamic parameters (heart rate, systolic, 

diastolic, and mean arterial pressure) were con-
tinuously monitored using the Mindray iPM 12 
monitor (Mindray Bio Medical Electronics Co, 
Shenzhen, Guangdong, China) and recorded in 10 
time intervals: T0 –baseline values, T1 – before 
induction of anesthesia, T2 – after induction of 
anesthesia, T3 – before surgical incision, T4 – 5 
minutes after incision, T5 – 15 minutes after in-
cision, T6 – 25 minutes after incision, T7 – 35 
minutes after incision, T8 – before the conclu-
sion of the operation, T9 – after awakening from 



Ultrasound-guided ESPB effects on hemodynamics and pain in breast cancer surgery

31233123

anesthesia. The percentage deviation from base-
line values was calculated for each patient, and 
the frequency of variations exceeding 20% from 
baseline values was registered. Cardiovascular 
system stability was assessed as follows: Grade 
I – 0-10% deviation from baseline values; Grade 
II – 11-20%; Grade III – 21-30%; Grade IV – more 
than 30% deviation from baseline values. To as-
sess the degree of pain in the postoperative peri-
od, a visual analog scale (VAS) for pain was used, 
and the VAS score was recorded. VAS scores 
were measured at 5 time intervals: first in the 
post-anesthesia care unit 30 minutes after wak-
ing up and completing the surgery, then at 2, 6, 
12, and 24 hours after waking up and completing 
the surgery. In the postoperative period, NSAIL 
(non-steroidal anti-inflammatory drugs) were not 
regularly prescribed to the patients. However, if 
the VAS score was higher than 4 during any of 
these five time intervals, NSAIL were adminis-
tered to the patients, and Tramadol was available 
for breakthrough pain. Importantly, no patient re-
ceived opioids postoperatively.

Sample Size Calculation
The sample size calculation was performed 

using the G-Power 3.1.9.2 package (Heinrich 
Heine Universität Düsseldorf, Düsseldorf, Ger-
many), where initial parameters were defined for 
the margin of error of 5% and the power of the 
study at 95%. Based on the average VAS score 
values (from the experimental and control groups 
measured postoperatively after 6 hours) based 
on a previous study23, a minimum representative 
sample size of 26 subjects, i.e., 13 in each group, 
was calculated. Due to the possible dropouts, 24 
patients per group were included.

Statistical Analysis
The data analysis was conducted using the Sta-

tistical Package for the Social Sciences version 16 
program (SPSS Inc., Chicago, IL, USA). Mean 
values and standard deviations were calculated 
for each hemodynamic parameter. The normal-
ity of data distribution was assessed using the 
Kolmogorov-Smirnov test. Continuous variable 
comparison was performed using the t if the data 
distribution was normal. In cases where the data 
distribution was not normal, the comparison of 
values between two groups was conducted using 
the Mann-Whitney test. The analysis of the stud-
ied parameters in repeated measurements was 
tested using repeated measures ANOVA. In the 
analysis of repeated measurements, the following 

effects were interpreted: the overall effect of time, 
the overall effect of groups, and the interaction ef-
fect of time and groups. If the analysis of repeated 
measurements indicated a statistically significant 
interaction, the main effect was examined. In oth-
er words, the values of the studied variables be-
tween groups were compared at individual time 
points. The hypothesis was tested with a signifi-
cance threshold of p < 0.05.

Results 

The study included 48 patients undergoing 
modified mastectomy, with an average age of 
59.73 ± 6.18 years. Patient age and body mass in-
dex (BMI) were compared between groups (p = 
0.171 and p = 0.456, respectively). The distribu-
tion of ASA scores and the frequency of patients 
with arterial hypertension did not show statisti-
cally significant differences between groups (p = 
0.456 and p = 1.000, respectively). The duration 
of anesthesia and surgical intervention was uni-
form across the examined groups (p = 0.926 and 
p = 0.935, respectively), as well as intraoperative 
blood loss (p = 0.209). The total intraoperative 
administration of anesthetics was significantly 
higher in the GA group (p = 0.012), while the to-
tal intraoperative administration of opioids did 
not show a statistically significant difference (p = 
0.248) between the control (GA) and experimen-
tal (GA+ESPB) groups (Table I).

Different levels of cardiovascular instability of 
heart rate were found to be statistically signifi-
cantly different between groups at all time points 
T1-T9 (p < 0.001, p < 0.001, p = 0.015, p = 0.007, p 
= 0.030,  p = 0.040, p = 0.021, p = 0.004, p < 0.001) 
(Table II, Figure 1). In both groups, the frequency 
of levels of cardiovascular instability of heart rate 
changed significantly (p = 0.024 and p = 0.007).

Different levels of cardiovascular instability in 
systolic blood pressure were statistically signifi-
cantly different between groups at all time points 
T1-T8 (p < 0.001, p < 0.001, p = 0.047,  p < 0.001, 
p < 0.001, p < 0.001, p < 0.001, p < 0.001), except 
the last one T9 (Table III, Figure 2). Different lev-
els of cardiovascular instability in diastolic blood 
pressure were found to be statistically significant-
ly different between groups at T1, T2, and T4 (p 
< 0.001, p = 0.001, p = 0.049) (Table III, Figure 
3). Different levels of cardiovascular instability in 
mean arterial pressure (MAP) were statistically 
significantly different between groups at all time 
points T1-T8 (p < 0.001, p < 0.001, p = 0.006, p = 
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Figure 1. Patient distribution by cardiovascular instability grades considering heart rate. GA: general anesthesia, GA+ESPB: 
general anesthesia + erector spinae plane block, HR: heart rate, T1 –before induction of anesthesia, T2 – after induction of 
anesthesia, T3 – before surgical incision, T4 – 5 minutes after incision, T5 – 15 minutes after incision, T6 – 25 minutes after 
incision, T7 – 35 minutes after incision, T8 – before the conclusion of the operation, T9 – after awakening from anesthesia, 
Grade I – 0-10% deviation from baseline values (T0), Grade II – 11-20% deviation from baseline values (T0), Grade III – 21-
30% deviation from baseline values (T0), Grade IV – more than 30% deviation from baseline values (T0).

Variable GA group
(n = 24)

GA+ESPB group
(n = 24)

p1

Age (yrs) Mean ± SD 60.96 ± 5.51 58.50 ± 6.68 0.171
BMI (kg/m2) Mean ± SD 24.54 ± 1.93 24.17 ± 1.49 0.456
ASA status

I n - % 12 50.0% 13 54.2% 1.0002

II n - % 12 50.0% 11 45.8%

Cardiovascular comorbidity (arterial hypertension) n - % 8 53.3% 7 58.3% 1.0002

Duration of anesthesia (min) Mean ± SD 90.83 ± 24.08 90.28 ± 14.81 0.926
Duration of surgical intervention (min) Mean ± SD 76.46 ± 23.93 76.00 ± 13.57 0.935

Intraoperative blood loss (ml) Mean ± SD 57.08 ± 49.89 39.58 ± 40.32 0.2093

Total intraoperative Remifentanil consumption (mcg) Mean ± SD 505.38 ± 247.18 390.71 ± 91.49 0.2483

Total intraoperative Propofol consumption (mg) Mean ± SD 475.83 ± 152.88 372.13 ± 94.15 0.0123

Table I. Demographic and operational characteristics of patients.

Values are presented as mean ± SD and median or number (%). GA: general anesthesia, GA+ESPB: general anesthesia + erector 
spinae plane block, BMI: body mass index, ASA: American Society of Anesthesiologist, min: minutes, mcg: microgram, mg: 
milligram, ml: milliliters, 1t-test, 2 χ2 test, 3Mann-Whitney test.

0.003, p = 0.005, p = 0.012, p = 0.001, p = 0.004), 
except the last one T9 (Table III, Figure 4). In the 
GA group, the frequency of levels of cardiovas-
cular instability in systolic, diastolic, and MAP 
significantly changed (p < 0.001, p = 0.015, p < 
0.001), while in the GA+ESPB group, there was 

no statistically significant change in the frequen-
cy of different levels of instability in systolic and 
diastolic blood pressure (p = 0.698, p = 0.780, p 
= 0.377) (Table III, Figure 2, Figure 3, Figure 4).

The values of the VAS score showed a statis-
tically significant interaction time*group (p < 

https://www.bing.com/ck/a?!&&p=d614ad9770e3c30cJmltdHM9MTcwMzU0ODgwMCZpZ3VpZD0zNjUxOWQ1Ny0zZGZlLTY5MmQtMWYzZS04ZTk0M2MyNzY4YjgmaW5zaWQ9NTIxMw&ptn=3&ver=2&hsh=3&fclid=36519d57-3dfe-692d-1f3e-8e943c2768b8&psq=mililiters&u=a1aHR0cHM6Ly93d3cuY2hlY2t5b3VybWF0aC5jb20vY29udmVydC92b2x1bWUvbWwucGhw&ntb=1
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Time interval and grade 
of cardiovascular instability

GA GA+ESPB

p1n % n %
T1
I Grade 9 37.5 24 100.0 < 0.001
II Grade 9 37.5 0 0.0
III Grade 5 20.8 0 0.0
IV Grade 1 4.2 0 0.0
T2
I Grade 13 54.2 24 100.0 < 0.001
II Grade 5 20.8 0 0.0
III Grade 5 20.8 0 0.0
IV Grade 1 4.2 0 0.0
T3
I Grade 14 58.3 22 91.7 0.015
II Grade 6 25.0 3 12.5
III Grade 3 12.5 0 0.0
IV Grade 1 4.2 0 0.0
T4
I Grade 13 54.2 22 91.7 0.007
II Grade 9 37.5 2 8.3
III Grade 2 8.3 0 0.0
IV Grade 0 0.0 0 0.0
T5
I Grade 14 58.3 20 83.3 0.030
II Grade 6 25.0 4 16.7
III Grade 4 16.7 0 0.0
IV Grade 0 0.0 0 0.0
T6
I Grade 13 54.2 18 75.0 0.040
II Grade 7 29.2 6 25.0
III Grade 4 16.7 0 0.0
IV Grade 0 0.0 0 0.0
T7
I Grade 16 66.7 19 79.2 0.021
II Grade 3 12.5 5 20.8
III Grade 5 20.8 0 0.0
IV Grade 0 0.0 0 0.0
T8
I Grade 10 41.7 18 75.0 0.004
II Grade 6 25.0 6 25.0
III Grade 5 20.8 0 0.0
IV Grade 3 12.5 0 0.0
T9 
I Grade 8 33.3 21 87.5 < 0.001
II Grade 8 33.3 3 12.5
III Grade 6 25.0 0 0.0
IV Grade 2 8.3 0 0.0

Table II. Patients distribution by cardiovascular instability grades con-
sidering heart rate.

GA: general anesthesia, GA+ESPB: general anesthesia + erector spinae 
plane block, 1χ2 test, T1 – before induction of anesthesia, T2 – after in-
duction of anesthesia, T3 – before surgical incision, T4 – 5 minutes after 
incision, T5 – 15 minutes after incision, T6 – 25 minutes after incision, T7 
– 35 minutes after incision, T8 – before the conclusion of the operation, 
T9 – after awakening from anesthesia, Grade I – 0-10% deviation from 
baseline values (T0), Grade II – 11-20% deviation from baseline values 
(T0), Grade III – 21-30% deviation from baseline values (T0), Grade IV – 
more than 30% deviation from baseline values (T0).
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0.001). Simple effects analysis revealed that the 
values of this score statistically differ between 
groups at all time points (p ≤ 0.001) (Figure 5). 
The VAS score values significantly decreased 
from 6 hours after the surgery compared to the 
values after 30 minutes (p < 0.05) in the GA 

group. In the GA+ESPB group, the values signifi-
cantly increase after 2 hours (p = 0.001) and 6 
hours (p = 0.010) compared to the values after 30 
minutes post-surgery, then begin to significantly 
decrease, and the values after 24 hours are signifi-
cantly lower compared to those after 6 hours (p = 

Figure 3. Patient distribution by cardiovascular instability grades considering diastolic arterial pressure. GA: general anesthe-
sia, GA+ESPB: general anesthesia + erector spinae plane block, DBP: Diastolic blood pressure, T1 – before induction of anesthe-
sia, T2 – after induction of anesthesia, T3 – before surgical incision, T4 – 5 minutes after incision, T5 – 15 minutes after incision, 
T6 – 25 minutes after incision, T7 – 35 minutes after incision, T8 – before the conclusion of the operation, T9 – after awakening 
from anesthesia, Grade I – 0-10% deviation from baseline values (T0), Grade II – 11-20% deviation from baseline values (T0), 
Grade III - 21-30% deviation from baseline values (T0), Grade IV – more than 30% deviation from baseline values (T0).

Figure 2.  Patient distribution by cardiovascular instability grades considering systolic arterial pressure. GA: general anesthesia, 
GA+ESPB: general anesthesia + erector spinae plane block, SBP: Systolic blood pressure; T1 - before induction of anesthesia, 
T2 – after induction of anesthesia, T3 – before surgical incision, T4 – 5 minutes after incision, T5 – 15 minutes after incision, T6 
– 25 minutes after incision, T7 – 35 minutes after incision, T8 – before the conclusion of the operation, T9 – after awakening from 
anesthesia, Grade I – 0-10% deviation from baseline values (T0), Grade II – 11-20% deviation from baseline values (T0), Grade 
III - 21-30% deviation from baseline values (T0), Grade IV – more than 30% deviation from baseline values (T0).
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GA: general anesthesia, GA+ESPB: general anesthesia + erector spinae plane block, SBP: Systolic blood pressure, DBP: 
Diastolic blood pressure, MAP: Mean arterial pressure, 1 χ2 test, T1 – before induction of anesthesia, T2 – after induction 
of anesthesia, T3 – before surgical incision, T4 – 5 minutes after incision, T5 – 15 minutes after incision, T6 – 25 minutes 
after incision, T7 – 35 minutes after incision, T8 – before the conclusion of the operation, T9 – after awakening from 
anesthesia, Grade I – 0-10% deviation from baseline values (T0), Grade II – 11-20% deviation from baseline values (T0), 
Grade III – 21-30% deviation from baseline values (T0), Grade IV – more than 30% deviation from baseline values (T0).

Time interval 
and grade of 

cardiovascular 
instability

SBP DBP MAP

GA GA+ESPB

p
1

GA GA+ESPB

p
1

GA GA+ESPB

p
1

n % n % n % n % n % N %
T1

I Grade 6 25.0 24 100.0

< 
0.

00
1

9 37.5 21 87.5

< 
0.

00
1

8 33.3 23 95.8

< 
0.

00
1II Grade 7 29.2 0 0.0 6 25.0 3 12.5 9 37.5 1 4.2

III Grade 5 20.8 0 0.0 5 20.8 0 0.0 2 8.3 0 0.0
IV Grade 6 25.0 0 0.0 4 16.7 0 0.0 5 20.8 0 0.0
T2

I Grade 7 29.2 22 91.7

< 
0.

00
1

9 37.5 19 79.2

 0
.0

01

6 25.0 21 87.5

< 
0.

00
1II Grade 6 25.0 2 8.3 5 20.8 5 20.8 9 37.5 3 12.5

III Grade 5 20.8 0 0.0 5 20.8 0 0.0 3 12.5 0 0.0
IV Grade 6 25.0 0 0.0 5 20.8 0 0.0 6 25.0 0 0.0
T3

I Grade 14 58.3 21 87.5
< 

0.
04

7
12 50.0 18 75.0

 0
.1

81

13 54.2 22 91.7

0.
00

6II Grade 6 25.0 3 12.5 9 37.5 5 20.8 8 33.3 2 8.3
III Grade 3 12.5 0 0.0 3 12.5 1 4.2 3 12.5 0.0 0.0
IV Grade 1 4.2 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
T4

I Grade 8 33.3 21 87.5

< 
0.

00
1

11 45.8 18 75.0

 0
.0

49

10 41.7 20 83.3

 0
.0

03II Grade 9 37.5 3 12.5 9 37.5 6 25.0 7 29.2 4 16.7
III Grade 4 16.7 0 0.0 3 12.5 0 0.0 6 25.0 0 0.0
IV Grade 3 12.5 0 0.0 1 4.2 0 0.0 1 4.2 0 0.0
T5

I Grade 10 41.7 22 91.7

< 
0.

00
1

11 45.8 17 70.8

 0
.1

08

11 45.8 20 83.3

 0
.0

05II Grade 5 20.8 2 8.3 7 29.2 6 25.0 6 25.0 4 16.7
III Grade 5 20.8 0 0.0 4 16.7 1 4.2 6 25.0 0 0.0
IV Grade 4 16.7 0 0.0 2 8.3 0 0.0 1 4.2 0 0.0
T6

I Grade 6 25.0 21 87.5

< 
0.

00
1

11 45.8 18 75.0

 0
.1

62

10 41.7 18 75.0

 0
.0

12II Grade 9 37.5 3 12.5 10 41.7 5 20.8 8 33.3 6 25.0
III Grade 7 29.2 0 0.0 2 8.3 1 4.2 4 16.7 0 0.0
IV Grade 2 8.3 0 0.0 1 4.2 0 0.0 2 8.3 0 0.0
T7

I Grade 6 25.0 22 91.7

< 
0.

00
1

11 45.8 17 70.8

 0
.2

58

9 37.5 22 91.7

 0
.0

01II Grade 10 41.7 2 8.3 10 41.7 6 25.0 12 50.0 2 8.3
III Grade 4 16.7 0 0.0 1 4.2 0 0.0 1 4.2 0 0.0
IV Grade 4 16.7 0 0.0 2 8.3 1 4.2 2 8.3 0 0.0
T8
I Grade 9 37.5 23 95.8

< 
0.

00
1

15 62.5 18 75.0

 0
.5

54

12 50.0 22 91.7

 0
.0

04II Grade 7 29.2 1 4.2 6 25.0 5 20.8 6 25.0 2 8.3
III Grade 5 20.8 0 0.0 2 8.3 1 4.2 4 16.7 0 0.0
IV Grade 3 12.5 0 0.0 1 4.2 0 0.0 2 8.3 0 0.0
T9
I Grade 19 79.2 22 91.7

0.
31

9

18 75.0 18 75.0

1.
00

0

21 87.5 22 91.7

0.
83

4II Grade 4 16.7 2 8.3 4 16.7 4 16.7 2 8.3 1 4.2
III Grade 1 4.2 0 0.0 2 8.3 2 8.3 1 4.2 1 4.2
IV Grade 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Table III. Patients distribution by cardiovascular instability grades considering systolic, diastolic, and mean arterial pressure.

https://www.bing.com/ck/a?!&&p=f6be8559fdd166f0JmltdHM9MTcwMTQ3NTIwMCZpZ3VpZD0zNjUxOWQ1Ny0zZGZlLTY5MmQtMWYzZS04ZTk0M2MyNzY4YjgmaW5zaWQ9NTI3NQ&ptn=3&ver=2&hsh=3&fclid=36519d57-3dfe-692d-1f3e-8e943c2768b8&psq=map+presure&u=a1aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvTWVhbl9hcnRlcmlhbF9wcmVzc3VyZQ&ntb=1
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0.014) and return to the values observed after 30 
minutes post-surgery (p = 1.000).

Discussion 

The erector spinae plane block (ESPB) is per-
formed at the T4-T5 level for any type of breast 
surgery24-28. The operative area is innervated by a 

complex network of nerves, but the details are not 
yet fully elucidated. Kimachi et al29 achieved suffi-
cient surgical anesthesia for breast cancer surgery 
by applying preoperative ESPB along with propo-
fol sedation, despite other studies in literature be-
lieving that ESPB may not provide adequate anal-
gesia for radical breast surgery.

In addition to the ESPB block for postopera-
tive pain control, ultrasound-guided interfascial 

Figure 5. VAS score in the follow-up period in relation to the examined groups. VAS: Visual analogue score, GA: general 
anesthesia, GA+ESPB: general anesthesia + erector spinae plane block.

Figure 4. Patient distribution by cardiovascular instability grades considering mean arterial pressure. GA: general anesthesia, 
GA+ESPB: general anesthesia + erector spinae plane block, MAP: mean arterial pressure, T1 – before induction of anesthesia, 
T2 – after induction of anesthesia, T3 – before surgical incision, T4 – 5 minutes after incision, T5 – 15 minutes after incision, 
T6 – 25 minutes after incision, T7 – 35 minutes after incision, T8 – before the conclusion of the operation, T9 – after awaken-
ing from anesthesia, Grade I – 0-10% deviation from baseline values (T0), Grade II – 11-20% deviation from baseline values 
(T0), Grade III – 21-30% deviation from baseline values (T0), Grade IV – more than 30% deviation from baseline values (T0).

https://www.bing.com/ck/a?!&&p=f6be8559fdd166f0JmltdHM9MTcwMTQ3NTIwMCZpZ3VpZD0zNjUxOWQ1Ny0zZGZlLTY5MmQtMWYzZS04ZTk0M2MyNzY4YjgmaW5zaWQ9NTI3NQ&ptn=3&ver=2&hsh=3&fclid=36519d57-3dfe-692d-1f3e-8e943c2768b8&psq=map+presure&u=a1aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvTWVhbl9hcnRlcmlhbF9wcmVzc3VyZQ&ntb=1
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PECS I and PECS II blocks are utilized, both in-
dependently and in combination with general an-
esthesia17. A systematic review30 and meta-anal-
ysis indicate the advantage of PECS blocks over 
ESPB concerning postoperative opioid consump-
tion and pain control; however, further research 
is necessary. Regarding the technique itself, per-
forming PECS I31 and PECS II32 blocks requires 
two needle punctures, while only one puncture is 
needed for the ESPB block12. Furthermore, during 
the ESPB block procedure, the needle is direct-
ed towards the transverse process, reducing the 
risk of bone misplacement compared to perform-
ing PECS blocks, where needle guidance towards 
the rib is necessary. Although the possibilities of 
complications during the execution of these inter-
fascial blocks are minimal, these differences in 
approach can be crucial when deciding on the op-
timal blocking technique. Anesthesiologists can 
carefully assess the advantages and disadvantages 
of each method to provide patients with the most 
effective and safest analgesia during breast sur-
geries. The mechanism through which ESPB pro-
vides analgesia for somatic and visceral regions 
is still not fully understood. Research suggests 
that local anesthetics are spread into the paraver-
tebral space (PVS)33,34 and epidural space35. These 
findings contribute to understanding the effects 
of the ESPB technique on pain reduction, partic-
ularly by providing insight into the pathways of 
local anesthetic distribution in anatomical spac-
es around the spine. Since intense intraoperative 
pain can affect hemodynamic stability, ESPB as 
multimodal analgesia in the intraoperative period 
leads to a lower degree of pain caused by surgical 
intervention and, therefore, greater hemodynamic 
stability. In our study, we focused on the appli-
cation of ultrasound-guided erector spinae plane 
block (ESPB) in breast cancer surgery to analyze 
the impact of this technique on hemodynamic 
stability and postoperative pain. Our results show 
statistically significant differences in pulse car-
diovascular instability levels between the studied 
groups throughout the entire intraoperative period 
T1-T9 (p < 0.001, p < 0.001, p = 0.015, p = 0.007, p 
= 0.030, p = 0.040, p = 0.021, p = 0.004, p < 0.001) 
(Table II, Figure 1). These results indicate that 
the application of the erector spinae plane block 
(ESPB) significantly contributed to maintaining 
pulse stability in patients undergoing modified 
radical breast cancer surgery. The analysis of the 
distribution of patients according to the degree of 
cardiovascular instability, considering the pulse 
in both groups during different time intervals, 

further confirms the utility of ESPB in maintain-
ing cardiovascular stability (Table II, Figure 1). It 
is noted that the frequency of levels of cardiovas-
cular instability statistically changed significantly 
in both groups (p = 0.024 and p = 0.007), further 
confirming the effectiveness of ESPB in reducing 
pulse fluctuations during the intraoperative peri-
od. In our study, we concluded that there are sta-
tistically significant differences in the variation 
of levels of cardiovascular instability, especially 
regarding systolic blood pressure (SBP), diastol-
ic blood pressure (DBP), and mean arterial pres-
sure (MAP) during the intraoperative period in 
patients undergoing general anesthesia (GA) and 
GA with the addition of the erector spinae plane 
block (GA+ESPB).

Our results clearly indicate statistically signif-
icant differences in systolic blood pressure insta-
bility levels between the studied groups at all time 
points, except the last one (Table III, Figure 2). 
These findings imply that the addition of ESPB 
to general anesthesia significantly contributes 
to maintaining systolic blood pressure stability 
during the intraoperative period.

Furthermore, the analysis of diastolic blood 
pressure in our study revealed statistically signif-
icant differences between groups at specific time 
intervals (T1 – before induction of anesthesia, T2 
– after induction of anesthesia, T4 – 5 minutes 
after incision), suggesting that ESPB also influ-
ences maintaining diastolic blood pressure stabil-
ity during certain phases of the operation (Table 
III, Figure 3). It is also essential to note that the 
levels of MAP instability statistically vary be-
tween groups at all time points, except the last 
one. These results confirm that ESPB positively 
influences maintaining MAP stability during the 
intraoperative period, which may be crucial for 
reducing intraoperative complications and im-
proving overall surgical treatment outcomes. 

Research investigating the impact of hemody-
namic stability monitoring during major general 
surgical procedures has provided valuable in-
sights into reducing the incidence of intraopera-
tive hypotension and improving patient outcomes. 
The group of patients subjected to detailed mon-
itoring for early detection of hypotension expe-
rienced significantly fewer hypotensive episodes 
and shorter durations of hypotension compared 
to those receiving standard care. These findings 
point to the potential benefits of implementing 
sophisticated monitoring of hemodynamic pa-
rameters during surgical procedures. Early de-
tection of hemodynamic instability allows for 
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prompt intervention to maintain optimal blood 
circulation and prevent prolonged organ exposure 
to hypotension. This is particularly significant 
as studies have also demonstrated an association 
between intraoperative hypotension and adverse 
postoperative outcomes. The implementation of 
such monitoring systems can provide surgeons 
and anesthesiologists with real-time information 
on hemodynamic changes, enabling them to take 
preventive measures to maintain patient stability 
throughout the entire surgical procedure. This is 
not only crucial for reducing the risk of complica-
tions but also for safeguarding vital organs from 
potential damage due to inadequate perfusion18,19. 

Our results align with the study by Ali et al36, 
who investigated the efficacy of ultrasound-guid-
ed erector spinae plane block on hemodynamic 
stability in patients undergoing abdominal sur-
gery. Their research showed that patients who re-
ceived the erector spinae plane block along with 
general anesthesia exhibited improved intraoper-
ative and postoperative hemodynamic stability, 
including pulse, systolic, diastolic, and mean ar-
terial pressure, compared to the group of patients 
under general anesthesia without the block. 

In addition to standard blood pressure moni-
toring, research underscores the importance of 
appropriate fluid therapy during surgical proce-
dures to enhance postoperative outcomes. Some 
studies20,21 have focused on various methods for 
assessing fluid responsiveness in critically ill pa-
tients, analyzing both static and dynamic indices. 
Static indices, such as central venous pressure and 
pulmonary artery occlusion pressure, have shown 
limited accuracy in predicting fluid responsive-
ness. In contrast, dynamic indices, including 
stroke volume variation, pulse pressure variation, 
and respiratory changes in the diameter of the in-
ferior vena cava, have proven promising, particu-
larly in mechanically ventilated patients20,21.

On the other hand, Singh et al37 used the ESPB 
in modified radical mastectomy for postoperative 
pain control and did not show a significant dif-
ference in intraoperative hemodynamic stability 
between the group that received ESPB with gen-
eral anesthesia and the group of patients under 
general anesthesia alone. In comparison to their 
approach, our study used a larger volume of lo-
cal anesthetic during ESPB, achieving better dis-
tribution and potentially more intense block and 
analgesia. These findings may further emphasize 
the potential benefits of adjusting the anesthetic 
dose in ESPB to achieve adequate analgesia and 
optimal hemodynamic stability, adding a new 

layer of complexity to the study of this technique. 
There is still no consensus on the recommended 
concentration of local anesthetic to use. Com-
monly used local anesthetics include lidocaine at 
concentrations of 1-2%, bupivacaine, levobupiva-
caine, and ropivacaine at concentrations ranging 
from 0.125% to 0.25%, 0.375%, and 0.5%. The 
study by De Cassai and Tonetti38, conducted on 
cadavers, showed that an effective erector spinae 
plane block (ESPB) requires a specific volume of 
solution per dermatome, estimated to be around 
3.4 ml. These findings align with clinical expe-
riences where 20 ml of local anesthetic is often 
used to cover 4-6 dermatomes or 30 ml to extend 
the block to 8 dermatomes. 

It is important to note that individual patient 
characteristics, such as constitution and BMI, 
may influence variations in the required amount 
of local anesthetic. In certain situations, when it is 
necessary to expand the field of analgesia, consid-
ering performing the block at multiple levels may 
be beneficial39. These conclusions from the liter-
ature complement the insights gained from our 
study, providing an additional perspective on tai-
loring the approach to ESPB in accordance with 
the specificities of each patient. Our analysis of 
VAS scores measured in the postoperative period 
indicates a significant impact of ultrasound-guid-
ed erector spinae plane block (ESPB) on post-
operative pain in patients undergoing modified 
radical surgery for breast cancer. The group re-
ceiving only general anesthesia (GA) also showed 
a statistically significant reduction in the visual 
analog scale (VAS) from 6 hours post-operation 
compared to values recorded 30 minutes after the 
surgery (p < 0.05). However, this reduction did 
not reach the levels observed in patients who also 
received ESPB. On the other hand, patients un-
der general anesthesia with the addition of ESPB 
exhibited an initial increase in VAS scores after 
2 and 6 hours compared to values recorded 30 
minutes post-operation (p = 0.001 and p = 0.010, 
respectively). However, after this period, a signif-
icant decrease in VAS scores occurred, reaching 
levels significantly lower than those recorded af-
ter 6 hours (p = 0.014) and returning to the values 
recorded 30 minutes post-operation (p = 1.000) 
after 24 hours (Figure 5).

These results support the assumption that the 
application of ESPB contributes significantly to 
reducing postoperative pain in patients undergo-
ing radical breast cancer surgery. Additionally, 
it was observed that the effect of ESPB is most 
pronounced in the later stages of the postopera-
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tive period, after 6 hours of surgery, when val-
ues become statistically significantly lower com-
pared to the group without the additional block. 
In line with our results, a meta-analysis40, includ-
ing eight studies with a total of 456 participants 
investigating the safety and efficacy of ESPB in 
the postoperative course, indicated that ESPB has 
a significant analgesic effect in the postopera-
tive period in patients undergoing chest surgery. 
This meta-analysis also provided data suggest-
ing that patients who received ESPB had fewer 
postoperative complications40. Another study41 
that investigated the efficacy of ESPB in postop-
erative analgesia after laparoscopic hysterectomy 
demonstrated better pain control in patients who 
received preoperative ESPB, which is also consis-
tent with our findings.

In addition to ESPB’s impact on hemodynamic 
stability and postoperative pain, we also analyzed 
the overall intraoperative consumption of anes-
thetics and opioids. Our results show a statistically 
significant higher total intraoperative administra-
tion of anesthetics in the GA group compared to 
the GA+ESPB group (p = 0.012) (Table I). These 
results suggest a potential benefit of additional 
ESPB application in terms of reducing the overall 
consumption of anesthetics during surgery. Re-
ducing anesthetic consumption can significant-
ly impact a patient’s postoperative stability and 
faster recovery. Possible mechanisms supporting 
these findings may involve the selective reduction 
of the need for intravenous anesthetics during sur-
gery due to the effectiveness of ESPB in reducing 
intraoperative surgical stress on the body. Our re-
sults are similar to those of a study investigating 
the impact of ESPB on perioperative analgesia, 
including 180 patients undergoing chest surgery, 
which indicated that preoperatively administered 
ESPB leads to reduced intraoperative opioid and 
anesthetic consumption42.

Our results regarding the analysis of total opi-
oid administration show a numerical difference 
between the GA group (505.38 ± 247.18) and 
the GA+ESPB group (390.71 ± 91.49) with a p = 
0.2483, indicating a lack of statistically signifi-
cant difference in total opioid administration be-
tween these two groups (Table I). Although the 
analysis of total opioid administration did not 
show a statistically significant difference between 
the control and experimental groups, it is crucial 
to emphasize the clinical context of these results. 
The numerical difference in total opioid admin-
istration between the groups may indicate a po-
tential clinical benefit of ESPB as an additional 

form of intraoperative analgesia. In some clinical 
situations, even small reductions in intraopera-
tive opioid use can have a significant impact on 
patients, reducing the risk of adverse effects and 
improving rapid recovery. Therefore, although 
we did not achieve statistical significance, the 
results indicate the need for further research and 
perhaps protocol adjustments to achieve optimal 
clinical outcomes. Our results are consistent with 
those of a study43 involving 100 patients under-
going abdominal hysterectomy, investigating the 
impact of preoperatively administered ESPB on 
intraoperative opioid consumption. The number 
of studies in the literature specifically analyzing 
the impact of ESPB on intraoperative opioid and 
anesthetic consumption is limited. Unlike our 
study, which analyzed intraoperative opioid con-
sumption, most research in this area has focused 
on postoperative opioid consumption, and data 
on intraoperative requirements for analgesics and 
anesthetics are still insufficient. A meta-analysis44 
including 52 studies investigating the impact of 
ESPB on postoperative opioid consumption in-
dicates that preoperatively administered ESPB 
leads to a reduction in postoperative opioid con-
sumption and better control of postoperative pain. 
Also, in a recent retrospective observational study 
by Hong et al45 investigating the effects of multi-
ple intermittent doses of the erector spinae plane 
block through a catheter after total mastectomy, a 
significant reduction in fentanyl consumption and 
postoperative pain was observed. These results 
indicate the potential benefit of using ESPB in 
the postoperative period after total mastectomy, 
providing data on reducing the need for opioids 
and improving pain control compared to standard 
procedures.

Limitations
Our study, while providing valuable insights, 

faces several limitations that need to be considered 
when interpreting the results. The first limitation 
pertains to the sample size, which was restricted to 
48 patients. While we carefully analyzed the avail-
able data, a larger sample would enable a broader 
generalization of results to the overall population, 
enhancing the overall relevance of our findings. 
Second, a limitation worth noting is that the study 
was conducted at a single center. Additionally, we 
opted for non-invasive blood pressure monitoring 
instead of invasive, even though the latter might 
have provided more detailed information on he-
modynamics. It is important to emphasize that we 
consciously recognized this decision as part of the 
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study’s methodology, highlighting our choice for 
a non-invasive approach to avoid procedures like 
arterial cannulation and facilitate patient participa-
tion. An additional limitation arises from patients’ 
awareness of the applied pain reduction method. 
Awareness of the treatment can significantly im-
pact patient behavior and subjective pain percep-
tion, representing a potential source of bias and in-
creasing the risk of subjective assessments that are 
not entirely objective. Considering the implemen-
tation of a blinded study design or similar methods 
could be crucial in future research to mitigate the 
influence of subjective factors and enhance result 
reliability.

Conclusions

Based on the results of our study, we conclude 
that ultrasound-guided erector spinae plane block 
is effective in maintaining hemodynamic stabili-
ty and controlling postoperative pain in patients 
undergoing modified radical surgery for breast 
cancer. This technique shows promising results 
in reducing the risk of hemodynamic variations 
and postoperative pain, which could contribute to 
the reduction of intra and postoperative complica-
tions. With these findings in mind, this technique 
may be crucial for a comprehensive and improved 
approach to the surgical treatment of breast can-
cer. Further research is essential to confirm the 
results of this study and develop guidelines for 
the optimal use of ESPB in breast cancer surgery. 
Such research can further expand our understand-
ing of the benefits of this technique and enhance 
anesthesia and surgical intervention procedures, 
contributing to the quality of healthcare for pa-
tients undergoing such procedures.
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