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Abstract
Background  Thoracic epidural analgesia (TEA) is the gold standard for analgesia after thoracotomy, but it has 
limitations. There are few studies on the analgesic effect of ultrasound-guided paravertebral nerve block (PVB) 
combined with general anesthesia in esophageal cancer surgery.

Methods  52 TLE patients from November 2020 - November 2021 were randomly divided into Group G 
(general anesthesia, n = 26) and Group G + P (ultrasound - guided PVB + general anesthesia, n = 26). General data, 
intraoperative/postoperative indicators, VAS scores, HR, MAP, NTI, and patient satisfaction were recorded.

Results  There were no significant differences in general data such as age, gender, BMI, and ASA grade between 
the two groups (P > 0.05). The intraoperative dosages of propofol, remifentanil, and sufentanil in Group G + P were 
significantly lower than those in Group G, while the dosage of phenylephrine was higher. The extubation time, PACU 
stay time, and postoperative hospital stay in Group G + P were shorter, the dosage of sufentanil in PACU was less, and 
the incidence of agitation was lower. The VAS scores of Group G + P in the resting and coughing states at multiple 
time points such as waking up, leaving the PACU, and after surgery were significantly lower than those of Group G. 
There was no significant difference in HR between the two groups at most time points during the operation. The 
MAP of Group G was higher than that of Group G + P at time points t8 and t9, and there were significant differences 
in NTI between the two groups from t2 to t7. The satisfaction rate of patients in Group G + P (96.14%) was significantly 
higher than that in Group G (80.76%).

Conclusion  Ultrasound - guided PVB combined with general anesthesia reduces opioid use, eases pain, lowers 
agitation, shortens hospital stay, and boosts satisfaction in esophageal cancer surgery patients.
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Introduction
Esophageal cancer is one of the common malignant 
tumors worldwide, posing a serious threat to human 
health [1–2]. With the advancement of medical technol-
ogy, thoracoscopic-laparoscopic combined radical resec-
tion of esophageal cancer (TLE) has gradually become an 
important treatment method for esophageal cancer due 
to its advantages such as minimal invasiveness and rapid 
recovery [3]. However, surgical anesthesia and postop-
erative analgesia are crucial for patients’ perioperative 
experience and rehabilitation outcomes. The selection of 
appropriate anesthesia methods and analgesia regimens 
remains a key focus of clinical research.

Thoracic epidural analgesia (TEA) has long been 
regarded as the gold standard for analgesia after thora-
cotomy. By injecting local anesthetics into the epidural 
space, it blocks the nerve conduction of the correspond-
ing segments, achieving the purpose of analgesia [4]. 
However, TEA has many limitations. It can widely inhibit 
the sympathetic nerve, leading to cardiovascular adverse 
reactions such as hypotension and bradycardia [5]. It may 
also affect the intercostal respiratory muscles, impeding 
the recovery of patients’ postoperative respiratory func-
tion and increasing the risk of pulmonary complications 
[6]. Moreover, the epidural puncture operation is some-
what difficult and may cause serious complications such 
as epidural hematoma and infection, limiting its wide-
spread application in clinical practice [7].

In recent years, ultrasound-guided paravertebral nerve 
block (PVB) has received increasing attention due to its 
unique advantages [8–9]. PVB involves injecting local 
anesthetics into the paravertebral space to block the spi-
nal nerves on that side, resulting in unilateral and seg-
mental anesthesia and analgesia effects [10]. Compared 
with TEA, PVB has less interference with the body’s 
physiological functions and relatively fewer adverse reac-
tions [11]. Meanwhile, the application of ultrasound tech-
nology provides visual guidance for PVB, allowing clear 
visualization of the anatomical structure of the paraverte-
bral space, improving the accuracy of puncture, reducing 
damage to surrounding tissues, and enhancing the suc-
cess rate of nerve block [12].

Many studies on the application of PVB in anesthe-
sia and analgesia cover different types of surgeries and 
patient groups, but there are relatively few studies on 
its application in esophageal cancer surgery [13–14]. 
Our study specifically targets patients undergoing lapa-
roscopic radical resection of esophageal cancer. This 
targeted approach enables us to accurately evaluate the 
impact of the combined anesthesia method on this spe-
cific patient group. Esophageal cancer surgery has its 
own characteristics. For example, the anatomical loca-
tion is complex, and there may be impacts on the respira-
tory and digestive systems during and after the operation 

[15]. By focusing on this specific patient group, we can 
obtain more targeted and clinically relevant results. For 
example, the study by Aiolfi et al. incorporated a wide 
range of thoracic surgeries [16]. This broad scope likely 
concealed the unique impacts that the anesthesia method 
might have on esophageal cancer patients specifically. 
In view of the deficiencies in previous studies, we can’t 
help but have many questions regarding the application 
of PVB combined with general anesthesia in esophageal 
cancer surgery. Can it ensure the depth of anesthesia 
while reducing the use of opioid drugs and minimizing 
drug-related adverse reactions? Can it relieve postop-
erative pain more effectively, reduce patients’ suffering, 
and improve their comfort? What impact will it have on 
patients’ postoperative awakening quality, hospital stay, 
and overall rehabilitation process?

We use a high - resolution ultrasound machine 
equipped with advanced imaging technology. This allows 
us to clearly observe the paravertebral space, the spread 
of local anesthetics, and the relationship with surround-
ing tissues. This high - precision guidance reduces the 
risk of complications and improves the success rate of 
nerve block. For example, Yang et al. merely made a brief 
mention of the utilization of ultrasound guidance. How-
ever, they failed to elaborate on the specific equipment 
and techniques employed for real - time monitoring dur-
ing the PVB procedure [17].

This study aims to comprehensively evaluate the effects 
of ultrasound-guided PVB combined with general anes-
thesia and general anesthesia alone on various periopera-
tive indicators of patients by comparing their applications 
in esophageal cancer surgery, providing a strong basis 
for optimizing clinical anesthesia plans and expecting 
to bring better treatment experiences and prognoses for 
esophageal cancer patients.

Materials and methods
Study subjects
From November 2020 to November 2021, 52 patients 
who received TLE in Shaanxi Cancer Hospital were 
selected as the research object. They were randomly 
divided into general anesthesia group (Group G, n = 26) 
and ultrasound-guided PVB group (Group G + P, n = 26). 
The average age of the patients was (56.84 ± 5.42) years. 
This study was approved by the medical ethics committee 
of Shaanxi Provincial Cancer Hospital, and the patient 
and their families signed the informed consent forms. 
The study was carried out in accordance with WMA Dec-
laration of Helsinki 2013 - Ethical Principles for Medical 
Research Involving Human Subjects.

Inclusion criteria: (1) Patients who were diagnosed 
as EC by pathological examination and underwent tho-
raco-laparoscopy combined with radical resection of EC; 
(2) The American Society of Anesthesiologists (ASA) 
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physical status classification is grade I - II; (3) Age ranges 
from 50 to 65 years old; (4)Patients without severe heart, 
liver, and kidney diseases before surgery; (5) Patients with 
normal coagulation function and immune system; (6) 
Patients with healthy skin at the puncture site required 
for surgery, without infection or damage.

Exclusion criteria: (1) Patients with thoracic deformity, 
trauma, long - term low back or back pain, or morbid 
obesity; (2) Patients with abnormal coagulation func-
tion or immune system; (3) Patients with infection at 
the puncture site; (4) Patients allergic to local anesthet-
ics; (5) Patients with a history of drug abuse or alcohol 
dependence; (6) Patients with severe anxiety, depression, 
or mental illness; (7) Patients whose surgical methods are 
temporarily changed to thoracotomy during the opera-
tion; (8) Patients who are unwilling to participate and do 
not cooperate.

Anesthesia method
All patients were routinely put on fasting and water 
deprivation before the operation. After entering the oper-
ating room, the upper limb venous access was opened, 
electrocardiogram (ECG) monitor was connected, and 
vital signs such as heart rate (HR), systolic blood pressure 
(SBP), diastolic blood pressure (DBP), mean arterial pres-
sure (MAP), oxygen saturation (SPO2), and bispectral 
index (BIS) were monitored. Radial artery puncture and 
catheterization were performed under local anesthesia.

In Group G + P, general anesthesia combined with 
ultrasound-guided PVB was used. The patient was placed 
in the lateral decubitus position, the knee was flexed, and 
the head was lowered to fully expose the ultrasound scan 
and puncture site, and the right T4 − 5 and T7 − 8 were used 
as the block puncture site. Ultrasound scanning used 
oblique axial cross-sectional scanning method to make 
the ultrasound probe and spine in oblique axial posi-
tion, and the long axis of the probe performed scanning 
between the intercostal space to determine the puncture 

point. A portable SonoSite Edge II Ultrasound machine 
(Sonosite, USA) was used to guide plane puncture, and 
a 20G puncture needle entered the thoracic paraverte-
bral space along the lateral intercostal approach. 20 mL 
of 0.5% ropivacaine (GYZZ H20060137, Jiangsu Hengrui 
Pharmaceuticals Co., Ltd.) was slowly injected, and ultra-
sound image can observe the spread of local anesthetics, 
showing pleural depression sign. As shown in Fig. 1, the 
arrow indicates the injection site. PP represents the pari-
etal pleura, PVS represents the paravertebral space, and 
Tp represents the transverse process. A moment later, 
acupuncture method was adopted to test the patient’s 
pain loss, the block plane was T2 ∼ T10. After the comple-
tion of the block, the patient was given general anesthe-
sia induction. Multiple doctors from the Department of 
Anesthesia and Surgery participated in this study. They 
needed to demonstrate their proficiency in performing 
PVB under the guidance of experienced senior anesthe-
siologists. Their proficiency was judged based on their 
ability to accurately identify the paravertebral space on 
ultrasound images, perform the puncture correctly, and 
ensure the proper spread of local anesthetics. Only after 
being evaluated as proficient by senior anesthesiolo-
gists were they permitted to participate in this RCT. This 
approach ensured the consistency of the operation qual-
ity and met the required standards.

Patients in Group G directly underwent general anes-
thesia induction. The induction methods for the two 
groups of patients were the same. 0.03 mg/kg midazolam 
(GYZZ H10980026, Jiangsu Nhwa Pharmaceutical Co., 
Ltd.), 1 mg/kg propofol (GYZZ H19990282, Xi’an Libang 
Pharmaceutical Co., Ltd.), 0.5  µg/kg sufentanil (GYZZ 
H20054172, Yichang Humanwell Pharmaceutical Co., 
Ltd.) and 0.3  mg/kg cisatracurium (GYZZ H20090202, 
Zhejiang Xianju Pharmaceutical Co., Ltd.) were intra-
venously injected successively for double-lumen endo-
tracheal tube intubation and fiberoptic bronchoscopic 
localization. During two-lung ventilation, volume of tidal 
(VT) was set at 7 mL/kg, respiratory rate at 15 breaths/
min, inspiratory/expiratory ratio (I/E) at 1:2, and oxy-
gen flow at 1.5 L/min. Before changing the patient’s body 
position and performing one - lung ventilation, a fiberop-
tic bronchoscope was used again to confirm the position 
of the double - lumen tube to avoid displacement of the 
double - lumen tube.

Maintenance of anesthesia
During the operation, 4–6  mg·kg− 1·h− 1 propofol and 
0.2–0.5  µg·kg− 1·min− 1 remifentanil was continuously 
pumped, and the pumping speed of propofol and remi-
fentanil was adjusted according to HR, blood pressure 
value, and BIS value during the operation, and the intra-
operative BIS value was maintained at 40–60. During the 
operation, sufentanil was intermittently injected at a dose 

Fig. 1  Ultrasonic scanning images of paravertebral nerve block. Note: PP 
stands for the parietal pleura, PVS denotes the paravertebral space, and Tp 
refers to the transverse process
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of 0.2 ∼ 0.3 µg/kg as needed to maintain analgesia, and cis 
- atracurium was intermittently administered at a dose of 
0.06 ∼ 0.12 mg/kg to maintain muscle relaxation.

When HR was 50 beats/min, 0.3 ∼ 0.5  mg/time 
atropine(Chinese Medicine Zhunzi H42021537, 
Huazhong pharmaceutical co., ltd) was given, 6 ∼ 12 mg/
time ephedrine (Chinese medicine quasi-word 
H42020949, Hubei Wudang Jinding Pharmaceutical 
Co., Ltd.) was given when SBP < 80 mmHg or DBP < 50 
mmHg with HR slowing; 40 ∼ 80 µg/time phenylephrine 
(Sinopharm Zhunzi H20056690, Chifeng Aike Pharma-
ceutical Technology Co., Ltd.) was injected when MAP 
decreased with HR increasing. 0.2 mg nicardipine (Chi-
nese Medicine Zhunzi H22021940, Changchun Yish-
enkang Biopharmaceutical Co., Ltd.) was intravenously 
administered for MAP > 20% of baseline or BP > 160/90 
mmHg; it was repeated if necessary. To keep the fluctua-
tion range of BP < 20% of the baseline value, and HR > 50 
beats/min. Hemodynamic indicators were monitored 
throughout the process to maintain hemodynamic sta-
bility. Intraoperative body temperature protection was 
carried out using heating blankets. Lung protective ven-
tilation strategy was used during one-lung ventilation, 
VT 7 mL/kg during two-lung ventilation, decreased to 
5 mL/kg during one-lung ventilation, PEEP 5 cmH2O, 
perioperative maintenance of PETCO235 ∼ 45 mmHg, 
SpO2 > 90%. At the end of one-lung ventilation, apply 
pressure of 35 ∼ 40cmH2O for 5 ∼ 10s, and perform lung 
recruitment, repeating 3 times.

Postoperative analgesia
Patients in both groups were given intravenous drip 
of 100  mg flurbiprofen axetil (GYZZ H20041508, 
Beijing Tide Pharmaceutical Co., Ltd.) and 20  mg 
azasetron (GYZZ H20041141, Chia Tai Tianqing Phar-
maceutical Group Co., Ltd.) 30 min before the end of sur-
gery. Patients were given patient-controlled intravenous 
analgesia, connected to an electronic analgesic pump, and 
the parameters of the electronic analgesic pump were set 
as: load 2 mL, background dose 2 mL, single dose 3 mL, 
locking time 15 min; formula: 7.5 µg/kg sufentanil + 200 
to 250  mg flurbiprofen axetil + normal saline diluted to 
250 mL. Remifentanil was stopped 10 min before the end 
of surgery, and all intravenous medication was stopped 
after the end of skin suture. All the treatments relevant 
to this study were carried out by the research team mem-
bers who were well - informed about the study design. 
They were well - trained and had in - depth knowledge of 
the anesthesia and pain - management procedures.

Steward recovery score, restlessness score, and visual 
analogue scale criteria
Steward recovery score: (1) consciousness score: no 
response to stimulation 0 points, response to stimulation 

1 point, fully awake 2 points; (2) respiratory tract obstruc-
tion score: no conscious movement of limbs 0 points, 
airway patency without support 1 point, cough accord-
ing to guidance 2 points; (3) limb range of motion score: 
no movement of limbs 0 points, no conscious movement 
of limbs 1 point, conscious movement of limbs 2 points. 
The higher the score, the better the degree of recovery, 
and the score above 4 can leave the operating room.

Restlessness Score (RS) scoring criteria in postanes-
thesia care unit (PACU): A score of 0 is given when there 
is basically no restlessness. A score of 1 is assigned for 
mild restlessness, during which the patient can follow the 
instructions of medical staff. A score of 2 indicates mod-
erate restlessness, in which case the patient requires con-
trol by medical staff. A score of 3 corresponds to severe 
restlessness, where the patient is extremely uncoopera-
tive and engages in dangerous behaviors. Restlessness is 
determined to occur when the RS is greater than or equal 
to 2 points.

Visual Analogue Scale (VAS) score: A 10  cm line was 
drawn in a paper strip, 0 marked at one end for no pain 
and 10 at the other end for intense pain. According to the 
degree of self-perceived pain, the patient drew a number 
reflecting the degree of pain in a straight line to reflect 
the actual degree of pain of the patient.

Postoperative recovery
At the end of the operation, after the patients recovered 
spontaneous breathing, the patients were admitted to 
the PACU for routine monitoring, and the patients with 
VAS scores ≥ 4 were given intravenous 5–10  µg sufen-
tanil. When the patients were fully awake, swallowing 
reflex was completely recovered, and patients were able 
to breathe normally, the endotracheal tube was removed 
and patients were returned to the ward when the Steward 
score was > 4.

Outcome measures
General data questionnaire: The general data of the 
patients were collected and statistically analyzed, includ-
ing gender, age, body mass index (BMI), ASA grade, edu-
cation level, preoperative complications, tumor location, 
tumor stage and preoperative medication status.

The dosage of postoperative anesthetic drugs and 
vasoactive drugs in the two groups: the dosage of anes-
thetic drugs propofol, remifentanil, and sufentanil was 
recorded; the dosage of postoperative vasoactive drugs 
phenylephrine, ephedrine, and nicardipine was recorded.

Intraoperative and postoperative related indicators in 
the two groups: intraoperative one-lung ventilation time, 
operation time, and extubation time in the two groups. 
The number of cases of postoperative PACU agitation 
was recorded, the incidence of agitation, the dosage of 
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sufentanil in PACU, the duration of PACU stay, and the 
time of postoperative discharge were recorded.

VAS scores at different time points in the two groups: 
VAS scores were recorded upon recovery, at the time of 
discharge from the PACU, during the resting state on 
the 1st, 2nd, 4th, and 6th days after surgery, and during 
coughing.

HR, MAP, and Narcotrend index (NTI) were recorded 
at baseline (t0), before induction of general anesthe-
sia and after nerve block (t1), after induction of general 
anesthesia (t2), during thoracoscopic skin incision (t3), at 
1 h after thoracoscopic surgery (t4), during laparoscopic 
skin incision (t5), at 1 h after laparoscopic surgery (t6), at 
the end of surgery (t7), at tracheal extubation (t8), and at 
PACU discharge (t9).

The degree of satisfaction of all patients with the anes-
thetic and analgesic effects was investigated: patients feel 
intraoperative pain, with low comfort: dissatisfaction; 
patients feeling mild pain, with postoperative comfort 
were satisfactory; patients feeling painless, with postop-
erative comfort were very satisfactory.

In our study, the individuals assessing the outcomes 
were blinded to the intervention arms. We took several 
steps to ensure this blinding. The data collectors and 
outcome assessors were a separate group from the anes-
thesiologists who administered the treatments. They 
had no knowledge of which patients belonged to Group 
G and which ones were in the Group G + P. All the data 
related to the outcome measures, such as the dosage of 
anesthetic drugs, hemodynamic parameters, VAS scores, 
and recovery - related indicators, were recorded in a 
standardized format without any indication of the treat-
ment group. This way, when the assessors evaluated these 
outcomes, they could not be influenced by their knowl-
edge of the treatment the patient had received. By imple-
menting this blinding method, we effectively minimized 
the potential for assessment bias. This helped us obtain 
more objective and reliable results, as the assessors’ judg-
ments were not affected by preconceived notions about 
the different anesthesia methods. It also enhanced the 
internal validity of our study, making our findings more 
trustworthy.

Statistical analysis
Data were analyzed using SPSS 19.0 statistical software. 
For measurement data following a normal distribution, 
they were presented as ( x±s). An independent - samples 
t - test was employed to assess differences between the 
two groups. Within - group analysis made use of repeated 
- measures analysis of variance. Enumeration data were 
represented as percentages (%), and the chi - square 
(χ2) test was applied. Specifically, the dosage of anes-
thetic drugs, vasoactive drugs, and intraoperative VAS 
scores conformed to a normal distribution and were thus 

presented as ( x±s). Categorical measurement data such 
as gender, presence of hypertension, and diabetes were 
expressed in percentage (%). However, when compar-
ing the satisfaction levels of the two groups of patients, 
considering that sample size assumptions might not be 
fully met for the chi - square test, Fisher’s exact test was 
adopted. This test is more appropriate when dealing with 
categorical data, especially in situations where the sam-
ple size is relatively small or the expected frequencies 
in some cells of the contingency table are low. A signifi-
cance level of P < 0.05 was considered to denote a statisti-
cally significant difference.

In this study, the sample size was calculated based on 
the primary outcome of postoperative pain, measured by 
the VAS score. The following steps were involved in the 
sample size determination:

(1)	Formulating the Research Hypothesis: The null 
hypothesis (H0) was that there is no difference in the 
mean postoperative VAS scores between Group G 
and Group G + P. The alternative hypothesis (H1) was 
that the mean postoperative VAS scores in Group 
G + P are significantly lower than those in Group G.

(2)	Selecting Key Parameters: Based on a review of 
similar previous studies, we estimated the standard 
deviation ( σ ) of postoperative VAS scores to be 
approximately 1.5. We aimed to detect a clinically 
significant difference ( σ ) of 1.0 in the mean VAS 
scores between the two groups. This difference 
was considered clinically relevant as it represents a 
meaningful reduction in pain intensity that could 
potentially impact patient recovery and satisfaction.

(3)	Determining the Significance Level and Power: We 
set the significance level ( α ) at 0.05. The power of 
the study ( 1 − β ) was set at 0.80, meaning we had 
an 80% probability of correctly rejecting the null 
hypothesis when the alternative hypothesis was true.

(4)	Using the formula for sample size calculation in a 
two - sample t - test for independent groups:

	
n =

2σ 2(z1−α /2 + z1−β )2

δ 2

Where z1−α /2 is the critical value corresponding to 
the significance level (for α  = 0.05, z1−α /2 = 1.96) and 
z1−β  is the critical value corresponding to the power 
(for 1 − β  = 0.80, z1−β  = 0.84). Substituting the values 
into the formula. Rounding up, we determined that a 
minimum of 36 patients per group was required. Con-
sidering potential dropouts, we decided to recruit 52 
patients in total, with 26 patients in each group. This 
approach ensured that our study had sufficient statistical 
power to detect a meaningful difference between the two 
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anesthesia methods, enhancing the reliability and validity 
of our research findings.

Results
General data
In Group G, the patients’ mean age was 55.39 ± 5.82 
years. In terms of esophageal cancer characteristics, 12 
patients had tumors located in the upper esophagus, 
8 in the middle esophagus, and 6 in the lower esopha-
gus. According to the TNM staging system, 10 patients 
in Group G were at stage I, 10 at stage II, and 6 at stage 
III. In Group G + P, the mean age was 57.76 ± 5.56 years. 
For tumor location, 11 patients had tumors in the upper 
esophagus, 9 in the middle esophagus, and 6 in the lower 
esophagus. In terms of tumor stage, 9 patients in Group 
G + P were at stage I, 10 at stage II, and 7 at stage III. Sta-
tistical analysis demonstrated that there were no signifi-
cant differences between the two groups in terms of age, 
gender distribution, BMI, ASA grade, educational attain-
ment, co - existing hypertension, diabetes, tumor loca-
tion, or tumor stage (all P > 0.05). This indicates that the 
two groups were comparable in these aspects (Table 1).

Among the patients with a history of hypertension, 6 
patients in Group G and 5 patients in Group G + P had 
taken the angiotensin - converting enzyme inhibitor 
(ACEI) lisinopril. In Group G, 2 patients took the calcium 
channel blocker (CCB) amlodipine, and 1 patient took a 
combination of an ACEI and a diuretic. In Group G + P, 

2 patients took amlodipine, and 1 patient took a beta - 
blocker. For patients with diabetes, 3 patients in Group 
G and 4 patients in Group G + P used metformin to con-
trol blood sugar. In Group G, 1 patient used insulin, and 
1 patient used sulfonylureas. In Group G + P, 1 patient 
used insulin, and 1 patient used a combination of met-
formin and glinides. To avoid the impact of pre - opera-
tive medications on the experiment, appropriate wash 
- out periods were determined based on the pharmaco-
kinetic characteristics of the drugs, and the use of these 
medications was suspended during the wash - out peri-
ods. During the wash - out periods, relevant physiologi-
cal indicators of the patients were closely monitored to 
ensure that when entering the experimental stage, the 
patients’ physical conditions were relatively stable and 
the residual effects of the medications had been basically 
eliminated.

Comparison of intraoperative anesthetic and vasoactive 
drug dosage
As illustrated in Fig.  2, which shows the comparison 
of intraoperative anesthetic and vasoactive drug dos-
ages. In terms of anesthetic drugs, patients in Group 
G + P demonstrated a significant reduction in the intra-
operative dosages of propofol, remifentanil, and suf-
entanil compared to those in Group G. Specifically, the 
propofol dosage was 1,334.3 ± 219.3  mg in Group G 
versus 1,283.5 ± 156.9  mg in Group G + P, the remifen-
tanil dosage was 3,938.2 ± 524.3  µg in Group G versus 
3,428.1 ± 478.5 µg in Group G + P, and the sufentanil dos-
age was 68.3 ± 5.4 µg in Group G versus 5.49 ± 8.2 µg in 
Group G + P (P = 0.021).

Regarding vasoactive drugs, the phenylephrine dos-
age in Group G + P was significantly higher than that in 
Group G. The dosage was 145.2 ± 76.3  mg in Group G 
and 247.1 ± 95.3  mg in Group G + P (P = 0.032). How-
ever, there were no significant differences in the dosages 
of ephedrine (3.7 ± 1.5 mg in Group G vs. 4.2 ± 1.8 mg in 
Group G + P) and nicardipine (0.1 ± 0.1  mg in Group G 
vs. 0.3 ± 0.2 mg in Group G + P) between the two groups 
(P > 0.05).

Comparison of intraoperative and postoperative relevant 
indicators
When compared with Group G, the extubation time 
in Group G + P was significantly shorter, with values of 
27.5 ± 12.3  min versus 43.6 ± 13.5  min (P = 0.013). How-
ever, there were no significant differences in one - lung 
ventilation time and operation time between the two 
groups (P > 0.05) (Fig. 3).

In addition, compared to Group G, Group G + P 
showed a significant reduction in the sufentanil dosage in 
the PACU, with amounts of 2.1 ± 1.5 µg and 1.2 ± 0.3 µg 
respectively. Moreover, the duration of stay in the PACU 

Table 1  Comparison of baseline characteristics between the 
two groups
Item Group G 

(n = 26)
Group G + P 
(n = 26)

t / χ2 P

Mean age ( x±s, years) 55.39 ± 5.82 57.76 ± 5.56 -1.49 0.352
Gender (n, %) 0.078 0.780
Male 14 (53.84) 15 (57.69)
Female 12 (46.15) 11 (42.30)
BMI ( x±s, kg/m2) 21.39 ± 2.84 21.76 ± 5.53 -0.30 0.124
ASA grade (n, %) 0.077 0.781
Grade I 12 (46.15) 13 (50.00)
Grade II 14 (53.84) 13 (50.00)
Education level (n, %) 0.357 0.837
Primary school 8 (30.76) 10 (38.46)
Middle school 12 (46.15) 11 (42.30)
Bachelor degree or above 6 (23.07) 5 (19.23)
Hypertension (n, %) 9 (34.61) 8 (30.76) 0.719 0.397
Diabetes (n, %) 5 (19.23) 6 (23.07) 0.115 0.734
Tumor Location (n, %) 0.102 0.950
Upper esophagus 12 (46.15) 11 (42.31)
Middle esophagus 8 (30.77) 9 (34.62)
Lower esophagus 6 (23.08) 6 (23.08)
Tumor Stage (n, %) 0.130 0.937
Stage I 10 (38.46) 9 (34.62)
Stage II 10 (38.46) 10 (38.46)
Stage III 6 (23.08) 7 (26.92)
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(87.5 ± 24.3 min vs. 68.3 ± 21.5 min), the incidence of agi-
tation in the PACU (19.23% vs. 3.84%), and the postoper-
ative hospital stay (14.3 ± 7.2 days vs. 9.7 ± 2.6 days) were 
all significantly decreased in Group G + P (Table 2).

Comparison of VAS scores at various time points
As shown in Fig.  4, in the resting state, compared with 
Group G, Group G + P had significantly lower VAS scores 
at the time of waking up, when leaving the PACU, and 
on the 1st, 2nd, and 6th days after surgery. This indicates 

Table 2  Contrasting postoperative relevant indicators in two 
groups
Indicators Group G 

(n = 26)
Group 
G + P 
(n = 26)

P

PACU sufentanil dosage (µg) 2.1 ± 1.5 1.2 ± 0.3 0.024*
PACU stay (min) 87.5 ± 24.3 68.3 ± 21.5 0.015*
Incidence of PACU agitation (%) 5(19.23) 1(3.84) 0.002*
Postoperative hospital stay (d) 14.3 ± 7.2 9.7 ± 2.6 0.027*
Note: * indicates a significant difference compared with Group G (P < 0.05)

Fig. 3  Comparison of intraoperative time indicators

 

Fig. 2  Comparison of Intraoperative Anesthetic and Vasoactive Drug Dosage. Note: A Comparison of propofol dosage; B Comparison of remifentanil 
and sufentanil dosage; C Comparison of phenylephrine dosage; D Comparison of ephedrine and nicardipine dosage; * indicates a significant difference 
compared with Group G (P < 0.05)
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that the analgesic effect of Group G + P has more advan-
tages at multiple key time points in the resting state.

In the coughing state, Group G + P also had signifi-
cantly lower VAS scores than Group G at the time of 
waking up, when leaving the PACU, and on the 1st, 2nd, 
and 6th days after surgery. Coughing increases the pres-
sure on the chest and the surgical site, exacerbating the 
pain sensation. However, Group G + P was able to main-
tain lower VAS scores at the above - mentioned time 
points under this condition that is more likely to trigger 
pain, further highlighting the effectiveness and stability 
of the Group G + P protocol in pain control under differ-
ent physiological states.

Comparison of HR, MAP, and NTI at different time points
Figure 5 shows the changes in HR, MAP, and NTI of 
Group G and Group G + P at different time points (t0 - 
t9). At most time points, the difference in HR values 
between Group G and Group G + P is small, and there is 
no significant difference (P > 0.05), indicating that differ-
ent treatments have little effect on heart rate.

During the period from t0 to t7, the fluctuation trends 
of MAP are basically the same, suggesting that there is 
little difference in mean arterial pressure between the 
two groups during this period. However, at time points t8 

and t9, the curve of Group G is higher than that of Group 
G + P, and there are significant differences in mean arte-
rial pressure between the two groups at these two time 
points (P = 0.024).

Within the time interval from t2 to t7, there are sig-
nificant differences in NTI between Group G + P and 
Group G, implying that the two treatment methods have 
different effects on the depth of electroencephalogram - 
related consciousness during this period.

Comparison of patient satisfaction regarding anesthetic 
and analgesic effects
As shown in Fig. 6, there were 5 patients who were dis-
satisfied in Group G, accounting for 19.23%; 10 patients 
were satisfied, accounting for 38.46%; and 11 patients 
were very satisfied, accounting for 42.3%. In Group G + P, 
only 1 patient was dissatisfied, accounting for 3.84%; 9 
patients were satisfied, accounting for 34.61%; and 16 
patients were very satisfied, accounting for 61.53%.

The satisfaction rate of Group G + P reached 96.14%, 
which was significantly higher than that of Group G 
(80.76%). With a P - value of 0.032, this difference was 
statistically significant. This indicates that the treatment 
method adopted by Group G + P was more likely to sat-
isfy patients in terms of anesthetic and analgesic effects.

Fig. 4  Comparison of VAS scores between group G and Group G + P at resting (A) and coughing (B) states across different time points
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Discussion
In thoracic surgery, the most commonly used analgesic 
approach is multimodal analgesia, which combines local 
analgesia with opioids. However, multimodal analgesia 

has a broad blocking scope. It directly inhibits the sym-
pathetic nerves, which may lead to hypotension and 
bradycardia. Moreover, it might also block the intercos-
tal respiratory muscles of patients, directly influencing 
the recovery of postoperative respiratory function [18]. 
Among various analgesic methods, PVB demonstrates 
excellent anesthetic and analgesic effects with relatively 
few side effects [19]. Research results have indicated that, 
compared with sole general anesthesia, general anes-
thesia combined with PVB can significantly improve 
patients’ perioperative hemodynamics, reduce the dosage 
of opioid analgesics, lower the perioperative VAS score, 
and decrease the emergence agitation rate.

The postoperative 24-hour resting VAS pain score was 
selected as the primary outcome. Given that esophageal 
cancer surgery is highly invasive, postoperative pain sig-
nificantly impacts patients’ recovery. The 24-hour post-
operative period is a crucial time when pain is intense. 
The VAS score in the resting state can directly reflect the 
patient’s pain perception in the basic physiological state, 
and it can intuitively demonstrate the core effect of PVB 
combined with general anesthesia in relieving early post-
operative pain compared with general anesthesia alone.

The secondary outcomes include the total amount of 
perioperative opioid use, postoperative extubation time, 
PACU stay time, incidence of postoperative agitation, 

Fig. 6  Comparison of patient satisfaction regarding anesthetic and anal-
gesic effects

 

Fig. 5  Comparison of HR (A), MAP (B), and NTI (C) at different time points
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and patients’ satisfaction with anesthesia and analgesia. 
Monitoring the total amount of perioperative opioid use 
can evaluate the sparing effect of different anesthesia 
methods on opioids and help determine the advantages 
of combined anesthesia. The extubation time reflects 
the speed of the patient’s recovery of consciousness and 
respiratory function after anesthesia. A shorter extuba-
tion time means that the patient can be free from the 
stimulation of the tracheal intubation more quickly, 
reducing the risk of complications such as pulmonary 
infection. It is also an important indicator for measur-
ing the anesthesia effect and the quality of the patient’s 
postoperative recovery, which is helpful for comparing 
the impact of the two anesthesia methods on the early 
postoperative recovery process of patients. The PACU 
stay time is affected by multiple factors, such as the resid-
ual effect of anesthetic drugs, the quality of the patient’s 
awakening, and postoperative pain control. This indicator 
can comprehensively reflect the impact of different anes-
thesia methods on the speed and quality of the patient’s 
postoperative recovery, as well as the efficiency of post-
anesthesia management. It is an important dimension for 
evaluating the overall effect of the anesthesia plan. Com-
paring the incidence of postoperative agitation between 
the two groups of patients can further clarify whether 
combined anesthesia can reduce the risk of postoperative 
agitation and improve the safety and comfort of patients 
during postoperative recovery. Patients’ satisfaction com-
prehensively reflects their experience during the surgery 
and postoperative recovery process, covering aspects 
such as pain control, the awakening process, and com-
fort. It is an important clinical indicator for measuring 
the effects of anesthesia and analgesia.

Ultrasound guidance offers a distinct advantage for 
PVB by providing a clear and effective surgical field. 
When combined with general anesthesia, it can effec-
tively mitigate the stress response and remarkably alle-
viate early postoperative pain and agitation in patients 
[13]. The findings of this study revealed that, in both the 
resting and coughing states, compared with patients in 
Group G, those in Group G + P had significantly lower 
VAS scores upon waking up, when leaving the PACU, 
and on the 1st, 2nd, and 6th days after the operation. 
The primary mechanisms underlying this are as follows: 
Firstly, PVB exerts a preventive analgesic effect. It blocks 
the hyperalgesia induced by noxious stimuli, preventing 
nerve impulses generated by surgical trauma and other 
noxious factors from reaching the central nervous sys-
tem, thereby effectively alleviating postoperative acute 
pain. Secondly, PVB can reduce the dosage of opioids, 
which helps inhibit the development of pain hypersen-
sitivity. The use of analgesic drugs, especially opioids, to 
counteract surgical pain and noxious stimuli may trig-
ger postoperative pain sensitivity. High - dose opioid use 

can exacerbate this hyperalgesia. In contrast, PVB itself 
provides reliable analgesia and can reduce the require-
ment for perioperative opioid analgesics. Consequently, 
Group G + P can minimize the occurrence of agitation 
during the early postoperative pain period by reducing 
high - dose opioid - induced hyperalgesia, which is con-
sistent with the findings of Kalagara et al. [20] Although 
ultrasound - guided paravertebral nerve block cannot 
ensure the continuous effect of ropivacaine, after the ini-
tial administration, a small amount of the drug may still 
remain around the nerves. This can continuously exert a 
certain degree of nerve conduction block, thus alleviat-
ing pain. General anesthetics have a metabolic process 
in the body. By the 6th postoperative day, they may still 
maintain a certain concentration in the body, which has 
an inhibitory effect on the central nervous system and 
indirectly reduces the patient’s perception of pain. By the 
6th postoperative day, the body’s self - repair mechanism 
is activated. Local inflammation is reduced, and tissue 
repair decreases noxious stimuli, thereby relieving pain. 
The G + P group uses a combined anesthesia method. 
Patients have a better experience during the operation, 
have more confidence in the surgical outcome psycho-
logically, and are in a relatively positive mental state. To 
a certain extent, this can reduce the subjective perception 
of pain.

During thoracoabdominal surgery for esophageal can-
cer, the disappearance of negative thoracic pressure and 
the implementation of positive pressure ventilation can 
reduce patients’ blood return volume. Additionally, sur-
gical manipulations may compress the great vessels of 
the heart, resulting in a decrease in cardiac output and 
subsequent blood pressure reduction, often accompanied 
by tachycardia. Therefore, intravenous bolus injection 
of phenylephrine is frequently employed during surgery 
to maintain hemodynamic stability [21]. The results of 
this study showed that the dosage of phenylephrine in 
Group G + P was significantly higher than that in Group 
G, which is consistent with the findings of Babu et al. [22] 
There are two main reasons for this: First, although there 
is no significant age difference between the two groups, 
there is a notably higher proportion of elderly patients 
over 65 years old in Group G + P. The compensatory func-
tion of the circulatory system in elderly patients is rela-
tively weak and is more significantly affected by surgical 
procedures. Second, Group G + P uses general anesthesia 
combined with PVB. Intravenous local anesthetics grad-
ually spread along the paravertebral space, and a single 
injection point can anesthetize multiple segments. Chest 
surgery can cause circulatory system changes, and hypo-
tension is more easily detected in Group G + P compared 
to Group G. Additionally, due to the more comprehen-
sive analgesic effect provided by the G + P group, under 
the same depth of anesthesia, the stimuli causing pain 
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are smaller, resulting in relatively lower blood pressure. 
As a result, a larger dosage of phenylephrine is required 
in Group G + P to increase blood pressure and slow the 
heart rate. If the great vessels of the heart are compressed 
during surgery, serious adverse events such as cardiovas-
cular and cerebrovascular accidents, malignant arrhyth-
mias, and cardiac arrest may occur. However, by closely 
monitoring hemodynamic changes in real - time during 
the procedure and adjusting treatment according to the 
patient’s condition, no adverse consequences occurred.

To avoid delayed recovery or postoperative cognitive 
dysfunction caused by excessive anesthesia depth, BIS 
values were maintained between 40 and 60. Patients’ 
hemodynamic changes were closely monitored, and opti-
mized treatment measures were implemented. These 
measures included adopting lung - protective ventila-
tion strategies, maintaining a stable body temperature, 
and using multimodal analgesia. These steps ensured a 
more stable anesthetic process, minimized the trauma 
and stress responses caused by surgery or anesthesia, 
and facilitated patients’ early recovery. Ultrasound - 
guided general anesthesia combined with PVB for tho-
raco - laparoscopic EC surgery is a safer option. It can 
significantly shorten the operation time and reduce the 
incidence of adverse events. Under general anesthesia, 
the paravertebral space can be clearly identified, enabling 
precise guidance of the puncture point to the target 
area [23]. This reduces damage to surrounding tissues 
and improves the success rate of nerve block. Further-
more, ultrasound images allow for clear visualization of 
the needle insertion direction, facilitating the operation, 
ensuring consistent anesthetic infiltration, and provid-
ing a more accurate drug dosage for the procedure [24]. 
The results indicated that the extubation time in Group 
G + P (27.5 ± 12.3 min) was significantly shorter than that 
in Group G (43.6 ± 13.5 min). The reduction in extubation 
time might be attributed to the lower consumption of 
intraoperative opioids. Compared with Group G, patients 
in Group G + P had a significantly shorter PACU stay 
(87.5 ± 24.3  min vs. 68.3 ± 21.5  min) and postoperative 
hospital stay (14.3 ± 7.2 d vs. 9.7 ± 2.6 d), which is consis-
tent with the findings of Ajkay et al. [25] The SBP, MAP, 
and HR in Group G + P were more stable at different time 
points during surgery compared with Group G. There 
may be several reasons why the NTI values of Group 
G + P were higher than those of Group G at time points 
t3, t4, and t6. Group G + P received general anesthesia 
combined with ultrasound-guided paravertebral nerve 
block. The local anesthetic used in paravertebral nerve 
block synergized with the general anesthetic, resulting 
in changes and adjustments in the demand for and dos-
age of anesthetic drugs at these time points, which led 
to an increase in the NTI value. This indicates that the 
overall anesthesia and analgesia regimen could maintain 

a more stable state at these moments. Group G only 
received general anesthesia, which was relatively insuffi-
cient to cope with the surgical stimulation. In contrast, in 
Group G + P, the paravertebral nerve block blocked local 
noxious stimuli, leading to different manifestations of the 
body’s stress response, which was reflected as a higher 
NTI value. The satisfaction rate of Group G + P (96.14%) 
was significantly higher than that of Group G (80.76%). 
These results suggest that ultrasound - guided general 
anesthesia combined with PVB in laparoscopic EC sur-
gery can achieve better anesthetic and analgesic effects 
than general anesthesia alone. It can reduce the dosage of 
opioid analgesics, extend the analgesic duration, shorten 
the patient’s recovery time, maintain stable patient vital 
signs, and enhance patients’ satisfaction with the anes-
thetic and analgesic effects. Akıncı et al. [26] reported 
that in partial nephrectomy, the application of ultrasound 
- guided general anesthesia combined with PVB led to 
more stable intraoperative vital signs, less intraoperative 
sufentanil use, and a more significant postoperative anal-
gesic effect compared with patients undergoing complete 
nephrectomy with only general anesthesia. This further 
confirms the advantages of ultrasound - guided gen-
eral anesthesia combined with PVB in unilateral organ 
surgery.

However, this study has several limitations. The clini-
cal trial duration and location were restricted, resulting 
in a final inclusion of only 52 patients. The overall sam-
ple size was relatively small, and it was a single - center 
study, which inevitably introduced some bias. Thus, the 
final results may lack broad representativeness. Conduct-
ing large - sample, multicenter clinical studies can com-
prehensively and deeply explore the impact of ultrasound 
- guided general anesthesia combined with PVB on post-
operative pain management and recovery in patients 
undergoing laparoscopic surgery.

Conclusion
This study investigated the application of ultrasound-
guided PVB combined with general anesthesia in lapa-
roscopic radical resection of esophageal cancer. The 
results revealed that compared with general anesthesia 
alone, this combined anesthesia approach significantly 
decreased the usage of perioperative opioid analgesics, 
effectively alleviated postoperative pain, and notably 
reduced the incidence of emergence agitation. It also 
led to a substantial shortening of the extubation time, 
PACU stay, and postoperative hospital stay, facilitating 
faster patient recovery. In terms of patient satisfaction, 
the combined anesthesia group achieved a significantly 
higher satisfaction rate, indicating better anesthetic and 
analgesic effects. Although the study had some limita-
tions such as a small sample size and being a single-cen-
ter study, the findings still demonstrated the advantages 
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of ultrasound-guided PVB combined with general anes-
thesia in esophageal cancer surgery. This combined anes-
thesia method is a valuable option for clinical practice, 
which can improve the quality of anesthesia and analge-
sia, and contribute to the overall well-being and recovery 
of patients. Future research with larger sample sizes and 
multi-center studies is needed to further validate and 
expand on these findings.
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