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ABSTRACT
Background: Formerly management of malignant tumors of lower limb was mainly through 
amputation. After advancement in neoadjuvant chemo-radiotherapy, saving the limb through 
lower limb-sparing surgery became the main line for management. Different regional techni-
ques are used for perioperative pain control in limb-sparing surgeries. One of these techniques 
is lumbar paravertebral block. It is a regional technique that provides ipsilateral analgesia 
resulting in somatic and sympathetic blockade in a continuous dermatomal manner.
Methods: The study included 60 cancer patients scheduled for lower limb sparing surgeries. 
Patients were randomly allocated into two groups to receive either lumbar paravertebral block 
Group P with 25 ml of Bupivacaine 0.25%, with adrenaline 1:200,000 or general anesthesia 
Group C.
Results: There was a statistically significant decrease in hemodynamics values for Group 
P compared to Group C at most of the study times. Intraoperative fentanyl consumption was 
lower in Group P compared to Group C (107.1 ± 22.89 ug versus 233.43 ± 49.29 ug), respec-
tively. VAS scores were lower for Group P compared to Group C with lower postoperative 
morphine consumption in Group P compared to Group C (8.65 ± 3.57 mg versus 16 ± 3.15 mg) 
respectively.
Conclusion: Ultrasound guided paravertebral block can be used as an effective perioperative 
analgesic modality for cancer patients undergoing lower limb sparing surgeries.
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1. Introduction

Malignant tumors of bone and soft tissue of lower 
extremities was previously managed mainly by ampu-
tation. With advancement of chemotherapeutic agents 
and radiotherapy, saving the limb through lower limb- 
sparing surgery (LLSS) is currently the first line for 
management [1]. Lower limb surgeries carry high risk 
of perioperative pain secondary to skeletal tissue injury 
and reconstruction, that results in pain with nocicep-
tive and neuropathic elements [2]. Early proper control 
of perioperative pain helps in early patient mobiliza-
tion with shorter length of hospitalization and increase 
in patient satisfaction [3]. Opioids are considered the 
gold standard analgesic for postoperative pain control, 
however using opioids is associated with multiple side 
effects that may include nausea, vomiting, constipa-
tion, and hypoventilation up to respiratory depres-
sion [4].

Using pre-emptive multimodal analgesic modalities 
would provide better pain control with reduced opioid 
consumption [5]. Preemptive analgesia is achieved 
through administrating analgesic drugs or techniques 

before initiation of the noxious stimuli; it modifies 
processing of the peripheral and central nervous sys-
tem response to noxious stimuli, thus reducing post-
operative opioid consumption [6]. Multimodal 
analgesia is achieved through combining different 
analgesic drugs or techniques with different mechan-
ism of actions, leading to augmented analgesic effect 
with lesser side effects [7].

Regional blocks are commonly used as part of multi-
modal analgesia; they exert their action through inhi-
biting conduction of neural impulses from surgical site 
to the spinal cord thus decreasing spinal cord sensiti-
zation [7,8]. Using regional anesthesia provides better 
perioperative pain control with attenuation of stress 
response and reduction of opioids consumption [9]. 
Various regional anesthetic techniques are commonly 
used for perioperative pain management in limb- 
sparing surgeries [10]. One of these techniques is ultra-
sound guided lumbar paravertebral block (LBVP). The 
lumbar paravertebral space is bounded medially by 
the vertebrae, intervertebral disc and intervertebral 
foramina which connect the space with the epidural 
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space; anterolaterally by psoas major muscle and pos-
teriorly by the transverse process. LPVB is a regional 
anesthetic technique that involves more precise injec-
tion of local anesthetics in close proximity to spinal 
nerve roots in the paravertebral space, thus increase 
the efficacy and safety of performed nerve block [11]. 
This study aims to evaluate the efficacy of unilateral 
ultrasound guided paravertebral block for periopera-
tive analgesia of lower limb-sparing surgery in adult 
cancer patients and its effect on decreasing periopera-
tive opioids consumption.

2. Materials and methods

This parallel prospective double blinded randomize 
controlled study was conducted at National Cancer 
Institute – Cairo University from January 2020 to 
May 2020. The study protocol was approved by the 
Anesthesia department scientific and ethical commit-
tees at Al Kasr Al Ainy, Cairo University (MS-270-2019) 
and registered at Clinical Trials.gov (NCT04396561). 
Consolidated Standards of Reporting Trials 
(CONSORT) guidelines were followed during prepara-
tion of this study [12].

Eligibility criteria included adult cancer patients 
aged 18–65, ASA II and III, with BMI > 20 kg/m2 and < 
40 kg/m2 scheduled for lower limb sparing surgeries 
involving the anterolateral thigh under general 
anesthesia. Exclusion criteria included patient refusal, 
allergy to local anesthesia, coagulation defects, abnor-
mal kidney and liver functions and history of psycho-
logical disorders and/or chronic pain. Patients meeting 
eligibility criteria were consecutively recruited from 
preoperative anesthesia assessment clinic. All patients 
were informed about the study design and objectives 
as well as tools and technique but were blinded to 
which group, they will be assigned. Informed written 
consent had been signed by every patient prior to the 
study. Patients were randomly allocated in 1:1 ratio 
with a computer-generated list (www.Random.org) 
done by statistician, then allocated by an anesthetist 
in the holding area using sealed opaque envelope 
method into one of the two studied groups 30 patient 
in each group to receive either unilateral paravertebral 
block (Group P) or general anesthesia (Group C).

In the holding area, patients were monitored for 
pulse, blood pressure, oxygen saturation (baseline 
values). Patients received Midazolam 0.02 mg/kg after 
insertion of intravenous (IV) 18-gauge cannula. General 
anesthesia was induced for both groups using 
a regimen of IV propofol 2 mg /kg, fentanyl 1 μg/kg 
and rocuronium 0.5 mg/kg. Patients were mechanically 
ventilated using volume-controlled ventilation mode. 
Tidal volume and respiratory rate were adjusted to 
maintain end-tidal CO2 between 35 and 40 mmHg. 
Anesthesia was maintained with inhaled sevoflurane 
with MAC 2–2.5% in oxygen-enriched air (FiO2 = 50%) 

and rocuronium. All patients received 1 gm of IV para-
cetamol, ketorolac 30 mg IV infusion. Patients were 
continuously monitored using pulse oximeter (SpO2), 
electrocardiogram (ECG), noninvasive blood pressure 
(NIBP), and end-tidal CO2 (ETCO2).

Group C: received only general anesthesia
Group P: after induction of general anesthesia 

patients were positioned in lateral decubitus position 
with the operating side up. After sterilization and drap-
ing, ultrasound scanning was done using SonoSite 
M-Turbo ultrasound machine (FUGIFILM Sonosite, Inc. 
Bothel, WA 98021, USA) with a low frequency curved 
2–5 MHz transducer. Lumbar paravertebral region was 
obtained after positioning the probe 3–4 cm lateral 
and parallel to the lumbar spinous process. The 
probe was then moved downward, till reaching the 
L5 hyperechoic transverse process and the sacrum. 
After identifying of the L5 transverse process, L4,3,2 
transverse processes were identified by counting from 
downward to upward. The “trident sign” was identified 
by the ultrasound. It presents the acoustic shadow of 
the transverse processes. The psoas muscle was loca-
lized by being in the space between the transverse 
processes‟ shadow. Nerves of the lumbar plexus were 
identified as the longitudinal hyperechoic structures 
seen on the posterior aspect of the psoas major mus-
cle. Then Insulated nerve block needle 21-gauge, 
10 cm (Stimuplex, B. Braun, Melsungen AG, Germany) 
was inserted using an in-plane technique from the 
caudal end of the ultrasound probe. The needle was 
advanced through the acoustic shadow between the 
transverse process of L3 and L4 to reach the posterior 
aspect of the psoas major muscle. Nerve stimulator, 
initially delivering a current of 1.5 mA at a frequency of 
2 Hz was connected to the needle to confirm position 
and exclude intraneural injection. Upon entry of the 
needle to the posterior aspect of the psoas major, 
confirmation of proper needle position was indicated 
by ipsilateral contraction of the quadriceps muscle at 
0.5−1 mA current denoting close proximity of the nee-
dle tip to the lumbar plexus. After negative aspiration, 
the local anesthetic (25 mL of bupivacaine 0.25% in 
addition to 1:200,000 adrenaline) was injected slowly 
and patients were closely monitored for any signs of 
inadvertent intravenous injection (Figure 1).

In both groups, one reading of mean arterial pres-
sure and heart rate were taken before induction of 
general anesthesia and were defined as baseline read-
ings and then were recorded intraoperatively at 15- 
min intervals. Additional bolus doses of fentanyl 
0.5 μg/kg were given when the mean arterial blood 
pressure or heart rate rose above 20% of baseline 
levels. Hypotension, which was diagnosed with drop 
of blood pressure more than 20% of baseline reading, 
was treated with 0.9% normal saline and/or 5 mg 
ephedrine in incremental doses in order to maintain 
mean blood pressure above 70 mmHg. Ringer acetate 
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was infused in order to replace their fluid deficit, main-
tenance, and losses. Extubation was performed at the 
end of surgery after reversing of residual neuromuscu-
lar block and complete recovery of airway reflexes. 
Patients were transferred to the post anesthesia care 
unit (PACU) room then to the ward. Heart rate, mean 
arterial blood pressure and VAS scores were recorded 
on arrival to PACU and at 2, 4, 6, 12, 18, and 24 h 
postoperatively. In the first 24 hours postoperatively, 
all patients received multimodal analgesia using para-
cetamol 1 gm IV every 8 hours, ketorolac 30 mg was 
given, in addition to a bolus of 3 mg morphine if VAS ≥ 
4. The total amount of morphine given in 24 h was 
recorded in the two groups. Patients in Group P were 
observed for any complications as hematoma, acciden-
tal nerve injury, inadvertent epidural injection and 
paravertebral muscle spasm. Side effects such as nau-
sea, vomiting, hypotension, or bradycardia were 
recorded.

Our primary outcome was to calculate total intrao-
perative fentanyl consumption for both groups. 
Secondary outcomes were to measure total postopera-
tive morphine consumption in first 24 h, assessing VAS 
score in first 24 hour postoperatively in addition to 
comparing hemodynamic values between the two 
groups.

3. Sample size and statistical methods

Based on previous study by Borle and colleagues in 
2014 [13], intraoperative fentanyl consumption mean 
value (SD) was 2.07 (0.26) for PVB group versus 2.74 
(0.75) for control group with an effect size of approxi-
mately 0.8 was expected. A total sample size of 52 
(26 per group) will be sufficient, a power of 80%, and 

a significance level of 5%. This was the minimum sam-
ple size to be required. Sample size was calculated 
using G*Power program (University of Düsseldorf, 
Düsseldorf, Germany). Number of patients were 
increased to 30 per group to replace dropouts.

The statistical analysis was done by standard SPSS 
software package version 22 (SPSS, Chicago, IL, USA). 
Analysis of variance was used to test the difference 
between the two groups for quantitative parametric 
data. Post-hoc Tukey’s test was used when there was 
a significant difference between the 2 groups. Kruskal- 
Wallis test was performed for studying quantitative 
nonparametric data. Qualitative data was compared 
by using Chi square test. Data were presented in the 
form of mean± SD for continuous parametric data, 
median (IQR) for parametric data and number of 
patients for categorical data. P values were considered 
significant if < 0.05 and were considered highly signifi-
cant if < 0.001.

4. Results

Seventy-five cancer patients scheduled for lower limb- 
sparing surgery under general anesthesia were conse-
cutively recruited to the study. Five patients were 
excluded, 7 of them were not meeting the eligibility 
criteria and 5 patients refused to participate. Sixty- 
three patients were randomly allocated into one the 
2 studied groups (Figure 2). Both groups were compar-
able for their demographic data and procedure dura-
tion (Table 1).

Total intraoperative fentanyl consumption was sig-
nificantly lower in group P (107.1 ± 22.89 ug) com-
pared to group C (233.43 ± 49.29 ug) (p < 0.05) 
(Table 2). There was a statistically significant decrease 

Figure 1. Lumbar paravertebral block.
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in intraoperative hemodynamics (HR and MAP) for 
(group P) compared to (group C) at all the predeter-
mined study measurement points except for heart rate 
values at 0, 15 and 60 minutes and mean arterial blood 
pressure values at 0, 15, and 30 min (Figures 3,4). 
Group P showed statistically significant lower heart 
rate and mean arterial blood pressure values though 
out the postoperative period except for heart rate 
values at 1 h and mean arterial blood pressure values 
at 1 and 6 h (Figures 5,6).

There was a statistically significant decrease in VAS 
score values at all the predetermined measurement 
points for group P compared to group C (p < 0.05) 
(Table 3). Total postoperative morphine consumption 
was significantly lower in group P (8.65 ± 3.57 mg) 
compared to group C (16 ± 3.15 mg) (p < 0.05) 
(Table 2). The incidence of PONV showed statistically 
significant higher values for Group C 23% (seven 
patients) compared to group P 6.5% (two patients) 
(p < 0.05) (Table 4).

5. Discussion

We demonstrated that ultrasound-guided lumbar 
paravertebral block in patients undergoing lower limb- 
sparing surgeries for cancer when used as a part of 
multimodal analgesia is associated with improved peri-
operative analgesia with reduced both intraoperative 
fentanyl consumption and total postoperative mor-
phine consumption over 24 h period. Furthermore, 
VAS score values in the first 24 h postoperatively 
were significantly lower in paravertebral group com-
pared to the control group.

The current study results came in accordance with 
the results of Stevens and colleagues who studied the 
efficacy of lumbar plexus block in reducing pain asso-
ciated with total hip arthroplasty. They reported that 

Figure 2. Consort flow diagram.

Table 1. Demographic data in the two studied groups.
Group C Group P P-value

Age (yr) 39.75 ± 12.49 40 ± 11.1 0.92
Sex (M/F) 17/13 16/14 0.91
BMI (kg/m2) 30.45 ± 5.32 31.55 ± 4.59 0.65
Duration of surgery (min) 115 ± 17 122 ± 13 0.57

C = control, P = paravertebral, BMI = body mass index. 
*P < 0.05 is considered statistically significant.

Table 2. Intraoperative fentanyl consumption and postopera-
tive morphine consumption in the two studied groups.

Group 
C (n = 30)

Group 
P (n = 30) P value

Fentanyl consumption 
(ug)

233.43 ± 49.29 107.1 ± 22.89 <0.001*

Morphine consumption 
(mg)

16 ± 3.15 8.6 ± 3.57 <0.001*

C = control, P = paravertebral. 
*P < 0.05 is considered statistically significant
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lumbar paravertebral block reduces perioperative pain 
and both intra- and postoperative opioid consumption 
with significantly lower pain scores in the lumbar plexus 
block group patients undergoing total hip arthroplasty 
[14]. These results are consistent with the results of 
Abdelhamid and colleagues who documented that 
ultrasound guided paravertebral block reduces perio-
perative opioid requirements with maintaining hemo-
dynamic stability and can be used as a safe technique 
for efficient analgesia in patients undergoing hip sur-
geries [15]. Furthermore, this was supported with the 
results of Ardon and colleagues who studied the effi-
cacy of paravertebral blockade for analgesia in total hip 
arthroplasty surgeries, they reported that adding para-
vertebral block as a part of multimodal analgesia results 
in reduced VAS scores with less opioid consumption 

[16]. In the same context, Utebey and colleagues com-
pared lumbar plexus block to epidural block and gen-
eral anesthesia and their effect on postoperative 
analgesia and total blood loss during total hip arthro-
plasty [17]. They found that total morphine consump-
tion in the first 24 h postoperatively was lower in 
patients who received lumbar paravertebral block than 
patients received epidural block and those who 
received only general anesthesia. They also documen-
ted that postoperative first VAS values were significantly 
higher in general anesthesia group compared to the 
lumbar paravertebral group and the epidural group. 
Similarly, in a study done by Hatipoglu and colleagues 
who compared ultrasound-guided paravertebral block 
to intravenous tramadol effect on postoperative pain 
management in percutaneous nephrolithotomy, they 

Figure 3. Intraoperative heart rate in the two groups.

Figure 4. Intraoperative mean arterial blood pressure in the two groups.
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reported that the paravertebral group showed lower 
VAS scores with lower values of total postoperative 
opioid consumption and lower need for supplemental 
analgesia compared to the tramadol group [18].

There was significant difference between both 
groups in hemodynamic values being lower in the 
lumbar paravertebral block group compared to the 
control group throughout most of measurement 
points during intra- and postoperative period. This 
can be explained by the analgesic effect of the block. 
These results were consistent with those found by 

Figure 5. Postoperative heart rate in the two groups.

Figure 6. Postoperative mean arterial blood pressure in the two groups.

Table 3. VAS scores in the two studied groups in the first 24 h.
Group C (n = 30) Group P (n = 30) P-value

0 h 8 (7–9) 5 (4–6) <0.001*
2 h 7 (6–9) 3 (2–5) <0.001*
4 h 5 (4–5) 2 (0–3) <0.001*
6 h 5 (4–6) 2 (1–3) <0.001*
12 h 4 (3–5) 2 (1–3) <0.001*
18 h 3 (2–4) 2 (0–3) <0.001*
24 h 3 (2–4) 1 (0–2) <0.001*

C = control, P = paravertebral. 
*P < 0.05 is considered statistically significant.

Table 4. Number of patients (%) subjected to postoperative 
nausea and vomiting.

Group C (n = 30) Group P (n = 30) P value

PONV None 23 (77%) 28 (93.5%) <0.001*
Mild 4 (13.4%) 2 (6.5%)
Moderate 2 (6.6%) 0 (0%)
severe 1 (3%) 0 (0%)

C = control, P = paravertebral. 
*P < 0.05 is considered statistically significant.
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Stevens and colleagues who reported that intraopera-
tive MAP was lower in the lumbar plexus group during 
most of the procedure time [14].

Concerning postoperative nausea and vomiting 
(PONV), we reported significantly less incidence of 
PONV in the lumbar paravertebral block group compared 
to the control group. This can be explained by the fewer 
doses of opioids needed with patients of paravertebral 
group. These results are coinciding with studies illustrat-
ing higher incidence of postoperative nausea and vomit-
ing associated with opioid administration [19,20].

5.1. Conclusion

Unilateral paravertebral block as a part of multimodal 
analgesia effectively reduces perioperative pain and 
opioid consumption in cancer patients undergoing 
lower limb sparing surgeries.
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