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Abstract
Ultrasound-guided paravertebral nerve block can provide effective somatic analgesia, which is safe and suitable for surgical 
patients. In this study, paravertebral nerve block was applied into open unilateral inguinal hernia repair surgery to observe its 
safety and analgesic effect. A total of 83 patients scheduled for open unilateral inguinal hernia repair surgery were randomly 
divided into two groups according to computer-generated randomization sequence with different methods of anesthesia: 42 
patients with subarachnoid block (group A) and 41 patients with paravertebral nerve block (group B). The two groups were 
applied with different appropriate anesthesia methods accordingly. The perioperative vital signs, visual analog scale scores, 
time and dosage of additional analgesics, time to get out of bed, and complications of the two groups were monitored and 
recorded. In group B, the vital signs were more stable during the operation, the postoperative analgesia time was longer, the 
time for additional analgesics after the operation was later, the dose was less, the time to get out of bed was earlier, and the 
perioperative complications were less (P < 0.05). Ultrasound-guided paravertebral nerve block could meet the anesthesia 
requirements for open unilateral inguinal hernia repair surgery and provide effective postoperative analgesia.
Clinical Trial Identifier: ChiCTR1800017575.

Keywords Ultrasound-guided · Paravertebral nerve block · Inguinal hernia repair surgery · Postoperative analgesia · Visual 
analog scale

Introduction

Inguinal hernia is formed by internal organs protruding from 
the abdomen through the weak tissue in the inguinal area 
[1]. If the inguinal hernia is not treated timely, it is easy 
to cause serious complications such as intestinal obstruc-
tion and intestinal necrosis. Surgery is the only reliable 
method for the treatment of inguinal hernia. At present, the 

medically accepted surgical method is tension-free hernia 
repair, including open surgery and laparoscopic surgery [2]. 
This study focused on the selection of anesthetic methods 
for open unilateral inguinal hernia repair surgery (IHRS).

With the increasing application of ultrasound in the 
department of anesthesiology, ultrasound-guided paraver-
tebral nerve block (PVB) has been successfully used in a 
variety of surgical anesthesia [3]. In this study, ultrasound-
guided PVB was used to observe whether it could meet the 
anesthesia requirements for open unilateral IHRS and its 
postoperative analgesic effect.

Patients and Methods

This trail was approved by the Ethics Committee of the 
Medical Center (NO. LX2018-002), and written informed 
consent was obtained from all subjects participating in the 
trial. It has been reported in line with Consolidated Stand-
ards of Reporting Trials (CONSORT 2010) Guidelines. It 
was in accordance with the Helsinki Declaration of 1964 

Pengcheng Xie and Yinglie Xu are both first authors.

 * Pengcheng Xie 
 xpch-xz@163.com

 * Xiang Ao 
 aoxiang1020@sina.com

1 Department of Anesthesiology, Shanghai Pudong Hospital, 
Fudan University Pudong Medical Center, 2800 Gongwei 
Road, Huinan Town, Pudong, Shanghai 201399, China

2 Department of Traditional Chinese Medicine, Shanghai 
Pudong Hospital, Fudan University Pudong Medical 
Center, 2800 Gongwei Road, Huinan Town, Pudong, 
Shanghai 201399, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s12262-023-03686-3&domain=pdf
http://orcid.org/0000-0002-9454-9170


 Indian Journal of Surgery

1 3

and all subsequent revisions. This study was a randomized 
controlled single blind clinical trial, and the computer ran-
dom number table method was used for sampling (Fig. 1).

Patients undergoing open unilateral IHRS in the period 
from January to December 2020 were randomly allocated 
into two groups according to computer-generated rand-
omization sequence.

Inclusion criteria included American Society of Anes-
thesiologists (ASA) I–III; cardiac function 1–2; aged from 
30 to 85; stable control of blood pressure; cooperation 
with nerve block; being conscious; and unilateral inguinal 
hernia.

Exclusion criteria include tachycardia or bradycardia; 
infection at the site of puncturing; allergic to ropivacaine; 
history of substance abuse; with chronic pain; history of 
lumbar surgery; clotting dysfunction; morbid obesity; and 
mental dysfunction; intestinal necrosis.

A total of 42 patients were treated with subarachnoid 
block (group A) and 41 patients with PVB (group B). All 
patients had the surgery by the same group of general sur-
geons. The anesthesia was performed by the same anesthe-
siologist according to the corresponding puncturing proce-
dure. After every patient entered the operating room, oxygen 
was administered through a nasal catheter (2L/min). ECG, 
pulse oxygen saturation and non-invasive blood pressure 
monitoring were performed. After peripheral venipunc-
ture, 1-mg midazolam was injected intravenously before 
puncturing.

Group A: The patient was placed in the lateral decubitus 
position with the operating side downward. The back of the 
patient aligned with the edge of the operating bed, the head 
bent down, and the hands were folded. After the patient’s 
skin was disinfected and a sterile sheet was placed, the lum-
bar vertebrae (L) 3–4 space was selected as the puncturing 

Fig. 1  CONSORT 2010 flow 
diagram



Indian Journal of Surgery 

1 3

point. Local anesthesia was performed. The anesthesiolo-
gist’s left hand pressed against the patient’s back and fix-
ing the direction of the needle, while the right hand slowly 
penetrated the needle perpendicular to the skin through the 
puncturing point. When the cerebrospinal fluid was clear, 
15 mg 0.5% ropivacaine was slowly injected into the suba-
rachnoid space.

Then the patient was placed in the supine position, and 
the sensory regression was measured by acupuncture after 
10 min. If the anesthesia level of the patient’s upper abdo-
men was between thoracic vertebrae (T) 6 and 10, the sur-
gery was performed. Otherwise, it was changed to general 
anesthesia with the case excluded from the study.

Group B: The patient was placed in the lateral decubitus 
position with the operating side upward. The GE Logiq E 
NextGen ultrasonic diagnostic instrument (GE, USA) was 
used with a low-frequency convex array probe (3–5 MHz). 
The patient’s skin was disinfected. The ultrasound probe 
was wrapped in a sterile sleeve, then placed perpendicu-
lar to the spine. Once reaching to the transverse process of 
T12, the inside of the probe was placed on the spinous pro-
cess of T12 and moving downwards. Applying the in-plane 
technique, a 10-cm-long 20 G needle (B. Braun GmbH, 
Germany) was used for puncturing. Bypassing the trans-
verse process, the local anesthetic was injected between the 
facet and the pleura to make the drug diffusing closer to the 
intervertebral foramen. Fifteen milliliter 0.5% ropivacaine 
was injected when the needle reached to the target position 
and withdrawn without blood or air. During injection, the 
parietal pleura could be observed sagging. The probe was 
then moved along the direction of the foot to the transverse 
process of L1. At a depth of 1.5 cm below the transverse pro-
cess, between the lateral side of the vertebral body and the 
psoas major muscle, 15 ml 0.5% ropivacaine was injected 
once withdrawing the needle without blood or air.

Then the patient was placed in the supine position. The 
block effect was evaluated by acupuncturing every 5 min, 
lasting for 20 min. PVB was considered successful if the 
patient’s sensation disappeared between T10 and L2. Oth-
erwise, PVB was considered failed, and the treatment was 
changed to general anesthesia with the case excluded from 
the study.

Anesthesiology residents not involved in the anesthesia 
were responsible for data recording. These residents were 
unaware of the method of anesthesia being administered to 
the patients. Heart rate (HR), mean arterial pressure (MAP), 
visual analog scale (VAS) scores, total dosage of sufentanil 
and parecoxib sodium, time of the first use of parecoxib 
sodium, time to get out of bed, and anaesthetis-related com-
plications were monitored and recorded for both two groups 
during the perioperative period.

If the patient’s blood pressure was less than 20% of the 
baseline value after anesthesia, 6-mg ephedrine was given 

intravenously each time until the blood pressure recovered. 
If bradycardia occurred, 0.25 mg atropine was injected 
intravenously each time until HR recovered. The patient 
was given 10-μg sufentanil intravenously if VAS scores 
was above 4 during the operation. If the postoperative VAS 
scores was above 4, 40-mg parecoxib sodium was injected 
intravenously. The patient with perioperative nausea and 
vomiting was given 5-mg tolisetron intravenously.

If the patient requested to quit or the anesthesia method 
was changed at any time during the study, the study was 
terminated immediately. If the patient developed local anes-
thetic intoxication or other life-threatening complications, 
the study should be terminated and an appropriate treatment 
should be initiated immediately. In this study, one patient 
in group A was switched to general anesthesia because the 
block level was below T10. And the study was terminated for 
this case. In group B, one case was terminated for a patient 
having bilateral nerve block. It was considered the ropiv-
acaine penetrated into the epidural space caused the epidural 
anesthesia. There was no case in both groups asking to quit 
the study. Therefore, 41 patients in group A and 40 patients 
in group B were included.

Statistical Analysis

The primary endpoint was a postoperative VAS scores 
higher than four. On the basis of previous studies, it was 
assumed that when there was a significant difference, 50% 
of patients in groups A and B had VAS scores above 4 at 
2 h and 10 h after surgery, respectively. With a type I error 
of 0.05 and a power of 0.8, a sample size of 38 patients per 
group was required. We decided to include 83 patients to 
take into account possible loss of follow-up at 24-h evalua-
tion. Raw data were entered into a Microsoft Excel Spread-
sheet and analyzed using Statistical Package for the Social 
Sciences (SPSS Inc., version 22.0, Chicago, IL, USA). 
Continuous data were presented as mean with standard 
deviation while discrete categorical data were expressed as 
median (range) and number of patients and/or percentage 
of cases. Categorical variables were analyzed using Pear-
son’s Chi-square test, and normally distributed continuous 
variables were analyzed using the independent sample t test. 
P < 0.05 was considered statistically significant difference 
and P < 0.001 as highly significant difference.

Results

The primary indicators for outcome measurement were 
the perioperative VAS scores and time of the first use of 
parecoxib sodium. The secondary indicators were the time 
to get out of bed, analgesic dose, vital signs (HR and MAP), 
and complications.
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Data of 81 patients were analyzed: 41 patients in group 
A and 40 patients in group B. The two groups were compa-
rable in terms of demographic data, i.e.,: ASA, age, BMI, 
gender, duration of operation, and hospitalization days 
(P > 0.05) (Table 1).

There was no significant difference in HR and MAP 
between two groups in pre-operation, and at 10 h, 12 h, 
and 24 h after operation (P > 0.05). During operation, at 
4 h, 6 h, and 8 h after operation, the HR and MAP of 
group A were significantly higher than group B (P < 0.05). 
After anesthesia, the MAP decrease in group A was sig-
nificantly more than group B. The more stable vital signs 
after operation in group B were possibly related to the 
longer analgesia effect (Figs. 2 and 3).

There was no significant difference in VAS scores 
between the two groups in pre-operation, intraopera-
tive stitching, and at 10 h, 12 h, and 24 h after operation 
(P > 0.05). VAS scores of group A was significantly higher 
than group B at 2 h, 4 h, 6 h, and 8 h after operation 
(P < 0.05). This suggested that the postoperative analgesic 

effect of group A only stayed for less than 2 h, while that 
of group B lasted for 8–10 h (Fig. 4).

The dosage of ephedrine in group A was significantly 
higher than group B (P < 0.05). It suggested that subarach-
noid block could cause a drop in blood pressure, while PVB 
had little effect on blood pressure. There was no significant 
difference in the intraoperative dosage of sufentanil between 
the two groups; PVB could achieve the same analgesic effect 
as that by subarachnoid block during surgery (P > 0.05). 
Parecoxib sodium was added for the first time in group A at 
2 h and group B at 9 h after surgery. PVB provided postopera-
tive analgesia for a longer time than subarachnoid block after 
operation (P < 0.05). The total dosage of parecoxib sodium 
supplemental in group A was significantly higher than group 
B (P < 0.05). The postoperative time to get out of bed in group 
A was significantly later than group B (P < 0.05) (Table 2).

Table 1  Comparison of demographic data between two groups

The values were presented as number of subjects or mean SD stand-
ard deviation

Demographic data Group A Group B P

ASA scores (I/II/III) 18/21/2 15/24/1 0.6724
Age (year) 55.31 SD 16.58 53.67 SD 18.40 0.6744
BMI 25.38 SD 5.21 26.12 SD 6.94 0.5883
Gender (women/men) 9/32 7/33 0.7813
Duration of operation 

(min)
65.31 SD 14.08 63.82 SD 17.33 0.6719

Hospitalization days 5.25 SD 1.69 4.86 SD 1.58 0.2869

Fig. 2  Comparison of HR between two groups

Fig. 3  Comparison of MAP between two groups

Fig. 4  Comparison of VAS scores between two groups
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The complications of group A were significantly more 
than group B (P = 0.0130) (Table 3).

Discussion

IHRS is a common operation in general surgery [4]. In 
recent years, with the aggravation of aging society, the inci-
dence of inguinal hernia is increasing [5]. The most com-
mon type of anesthesia for IHRS is intraspinal anesthesia. 
However, many patients suffer from diseases of the lumbar 
spine, such as spinous process hyperplasia and narrowing of 
lumbar space. Anatomical signs on the body surface of these 
patients are not clear, causing difficulties in anesthesia punc-
ture [6]. General anesthesia is often used when intraspinal 
anesthesia is contraindicated or intraspinal anesthesia fails. 
However, the incidence of pulmonary infection is signifi-
cantly higher after general anesthesia, especially for elderly 
patients [7]. Many patients have complications with cardio-
vascular and respiratory diseases, which increase the risk 
of anesthesia [8, 9]. Searching for the optimum anesthesia 

method to improve the safety of patients during periopera-
tive period has always been a concern of anesthesiologists.

The open IHRS’s incision was 2 cm above the inguinal 
ligament [10]. The nerves in this area are mainly innervated 
by the iliohypoabdominal, ilioinguinal, and genital femoral 
nerves. These three nerves rise with the most from the ante-
rior branches of spinal nerves of T12 and L1, and a small 
part from T11. With the in-depth research on thoracic para-
vertebral space, the technique of PVB has become mature 
with safety and effectiveness confirmed. PVB can block 
these three nerves simultaneously [11, 12].

With the increasing use of ultrasound-guided technology 
in anesthesia, visual and accurate PVB becomes feasible 
[13]. Ultrasound can locate the anatomy of the spine and 
monitoring the exact location of the nerves and the impor-
tant structures surrounding them [14]. In the course of punc-
turing, the route of puncturing needle and the diffusion of 
local anesthetic can be observed through the whole process, 
which greatly improves the effect of PVB and avoids serious 
complications. Based on previous reports and our experience 
with PVB, 15 ml 0.5% ropivacaine injected at one level can 
spread to at least two levels above and below [15]. In this 
study, 15 ml 0.5% ropivacaine was injected at T12 and L1 
each, which could be diffused to T10 to L2, covering the 
sensory block at the sites involved in IHRS. This reduced the 
number of spinal segments and the time needed for punctur-
ing, which has also been demonstrated in this study. Patients 
with ultrasound-guided PVB experienced no intraoperative 
pain or discomfort of pulling.

It could be seen from this study that the duration of post-
operative analgesia of PVB was significantly longer than that 
of subarachnoid block. But the lower limb motor nerves of 
group B were not blocked, allowing an earlier time to get 
out of bed and avoiding the discomfort and related compli-
cations caused by long-time in bed. The number of patients 
with postoperative uroschesis in group A was significantly 
larger than that in group B. We considered the following 
reasons: First, PVB did not block the sacral nerve with little 
effect on the bladder pressure reflex and the bladder detru-
sor contraction. Second, for patients in group B getting out 
of bed earlier, the abdominal pressure increased the pres-
sure of the bladder and helping the bladder urination func-
tion to recover faster [16]. The blood pressure of group A 
decreased significantly during operation, while that of group 
B was stable. The dosage of ephedrine in group B was lower 
than group A. The reason was that subarachnoid blocked 
the efferent fibers of the sympathetic nerve. It caused the 
dilation of arteries and veins at the same time, reducing the 
amount of returned blood and causing a drop in blood pres-
sure. This also increased the incidence of nausea and vomit-
ing, and limiting the patient’s ability to get out of bed early. 
The biggest advantage of PVB was that its postoperative 
analgesic effect was significantly better than subarachnoid 

Table 2  Comparison of drug use and time out of bed between two 
groups

The values were presented as mean SD standard deviation

Time or drugs Group A Group B P

Ephedrine (mg) 2.42 SD 1.21 1.57 SD 1.13 0.0016
Sufentanil (μg) 4.21 SD 2.43 4.86 SD 2.61 0.2494
Parecoxib sodium (mg) 80.09 SD 18.03 68.36 SD 21.91 0.0102
First time using 

parecoxib sodium (h)
2.17 SD 1.72 9.06 SD 2.83 0.0000

Time out of bed (h) 8.73 SD 1.63 2.04 SD 0.92 0.0000

Table 3  Comparison of complications between two groups

The values were presented as number of subjects

Complications Group A Group B P

Uroschesis 5 0 0.0130
Hyoxemia 0 1
Kidney injury 0 0
Nausea and vomiting 3 1
Hypotension 4 0
Bradycardia 0 1
Hematoma 0 0
Nerve injury 0 0
Local anesthetic intoxication 0 0
Pneumothorax 0 0
Headache 3 0
Pain of puncture 2 3



 Indian Journal of Surgery

1 3

block [17]. In this study, VAS scores of group B was sig-
nificantly lower than group A at 2 h, 4 h, 6 h, and 8,h after 
surgery.

PVB is not completely safe and can be associated with 
a number of complications [11], including local anesthetic 
intoxication, pneumothorax, kidney injury, bilateral nerve 
block, and nerve damage. In this study, ultrasound-guided 
PVB was used to complete puncturing and injection under 
visual conditions, which could avoid most serious complica-
tions. Bilateral nerve block occurred on one patient in group 
B due to the local anesthetic diffusing into the epidural space 
through the intervertebral foramen. It did not cause discom-
fort to the patient.

Conclusion

Ultrasound-guided paravertebral nerve block could satisfy 
the anesthesia for open unilateral inguinal hernia repair sur-
gery. It had little effect on circulation and fewer compli-
cations, providing a long postoperative analgesia time and 
a quicker recovery for patients. Paravertebral nerve block 
was especially suitable for patients with poor cardiopulmo-
nary function because it had fewer side effects and has little 
impact on patients’ respiratory and circulatory functions. It 
opened up the possibility of surgery for patients who might 
otherwise had been unable to have subarachniod anesthe-
sia or general anesthesia. Ultrasound-guided paravertebral 
nerve block is well worth promoting. There were still some 
deficiencies in this study, such as no long-term follow-up 
visits with patients to observe the effect of paravertebral 
nerve block on postoperative chronic pain after inguinal 
hernia repair surgery. In addition, it is difficult for begin-
ners to puncture via ultrasound-guided paravertebral nerve 
block which is a new technique, and considering the location 
of the paravertebral nerve is deep. It requires experienced 
anesthesiologists.
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