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ABSTRACT

Introduction: Quadratus lumborum block
(QLB) has proven to be an effective analgesic
technique in various abdominal surgeries.
Magnesium sulfate as an adjuvant in different
nerve blocks has been reported. The aim of this
study was to assess the efficacy of magnesium
sulfate as an adjuvant to ropivacaine in an
ultrasound-guided QLB for postoperative anal-
gesia in laparoscopic gynecologic surgery.
Methods: Ninety patients belonging to Ameri-
can Society of Anesthesiologists (ASA) physical
status I or II, aged between 40 and 60 years,
scheduled for laparoscopic gynecologic surgery
were enrolled. Patients were divided into three
groups and received bilateral quadratus lumbo-
rum block: ropivacaine group (group N, 0.375%
ropivacaine 40 ml ? normal saline 4 ml), mag-
nesium sulfate group (group M, 0.375% ropiva-
caine 40 ml ? 10% magnesium sulfate 4 ml),

and control group (group C, normal saline
44 ml). Visual analogue scale (VAS) at rest and
during activity at 4, 6, 12, 24, and 48 h post-
operatively, consumption of morphine, the
time of first analgesic request, frequency of
rescue analgesia, satisfaction with postoperative
analgesia, and any side effects were recorded.
Results: VAS scores in groups M and N were
significantly lower than in group C at 4 and 6 h
postoperatively (P\0.001). VAS scores were
lower in group M at 12 and 24 h postoperatively
compared to groups N and C (P\0.05). The
mean total morphine consumption was signifi-
cantly lower in group M than in groups N and C
(P\0.001). The mean time to the first patient-
controlled analgesia (PCA) bolus was signifi-
cantly prolonged in group M compared to
group C (P\0.05). The satisfaction with post-
operative analgesia of group M was superior to
that of groups N and C (P\ 0.05). There was no
significant difference in side effects among the
three groups.
Conclusion: Magnesium sulfate as an adjuvant
to ropivacaine in ultrasound-guided QLB pro-
longs the duration of analgesia, decreases anal-
gesic requirements, and improves patient
satisfaction without significant side effects.
Trial Registration: Chinese Clinical Trial Reg-
istry, ChiCTR1900027066.
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Key Summary Points

Regional anesthesia is a significant
determinant influencing prognosis, which
not only provides effective postoperative
analgesia but also reduces the requirement
for postoperative opioids, stress response,
and insulin resistance.

New dose formulations and delivery
strategies have been developed for
regional nerve blocks in recent years.

There is a significant prevalence of
postoperative nausea and vomiting in
women, who are pain-sensitive. In these
patients, regional nerve blocks are
beneficial.

The addition of magnesium sulfate to
ropivacaine in quadratus lumborum block
(QLB) resulted in prolonging analgesia
duration, decreasing analgesic
requirements, prolonging time to initial
analgesia, and improving patient
satisfaction without significant side
effects.

Magnesium sulfate’s ideal dosage can be
determined in future studies.

INTRODUCTION

Although the application of laparoscopy short-
ens the incision length, patients will still have
unbearable pain after surgery because of peri-
toneal irritation, traction, and injury of the
abdominal wall during surgery. Postoperative
pain not only affects the patients’ rest but also
produces a series of pathological reactions.
Postoperative analgesia is an important factor
influencing prognosis, including regional anes-
thesia, which not only provides effective post-
operative analgesia but also reduces the need for
postoperative opioids, stress response, and
insulin resistance [1, 2]. With the wide appli-
cation of visualization technology in

anesthesia, the safety of ultrasound-guided
regional block has been greatly improved. In
recent years, various ultrasound-guided regional
anesthesia techniques have been extensively
used. Quadratus lumborum block (QLB), as
reported by Blanco [3], can provide postopera-
tive analgesia of the segmental innervation
from T6 to L1. Local anesthetics can spread
through the thoracolumbar fascia to the par-
avertebral space, thereby blocking part of the
sympathetic nerves. Currently, it is mainly used
in combined anesthesia and postoperative
analgesia for abdominal and hip surgeries.
Clinical studies have shown that compared with
the current widely used transverse abdominal
block, QLB provides longer analgesia and wider
block levels when the same dose of local anes-
thetic is used [4, 5]. Unlike traditional trunk
block, QLB cannot use the sense of falling dur-
ing puncture and can only be performed under
ultrasound guidance, which has the advantages
of being real-time and dynamic. Ultrasound-
guided nerve block provides more accurate
positioning and benefits for patients with less
injury.

Magnesium plays an important role in the
physiological function of the human body. A
large number of studies have reported the safety
and effectiveness of adding magnesium sulfate
in various regional anesthesia techniques [6–9].
Therefore, we designed a prospective random-
ized controlled trial to compare the analgesic
efficacy of combining magnesium sulfate with
ropivacaine in QLB. We hypothesized that the
addition of magnesium sulfate would prolong
the duration of analgesia and reduce 48-h
morphine patient-controlled analgesia (PCA)
requirements after gynecological laparoscopic
surgery.

METHODS

This prospective randomized controlled, dou-
ble-blind study was registered with the Chinese
Clinical Trial Registry (ChiCTR1900027066)
and approved by the Ethics Committee of
Shengjing Hospital of China Medical University
(2019PS188K). The clinical research was con-
ducted in accordance with the Declaration of
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Helsinki, and all patients and their families
provided informed consent. From December
2019 to June 2021, after informed consent was
obtained, 90 patients aged 40–60 years with
American Society of Anesthesiology (ASA)
physical status I or II who were scheduled for
laparoscopic total hysterectomy or total hys-
terectomy plus accessory resection were enrol-
led into the study. Exclusion criteria were as
follows: body mass index (BMI) greater than
32 kg/m2, allergy or contraindication to the
study drug, long-term use of calcium channel
blockers, known abuse of alcohol or medica-
tion, puncture site infection, peripheral neu-
ropathy, uncooperative or psychiatric patients.

Computer-generated randomization num-
bers were used to randomly assign patients into
three groups. All patients were monitored by
continuous electrocardiogram, pulse oximetry,
and non-invasive blood pressure measuring.
General anesthesia was induced by using eto-
midate 0.15–0.3 mg/kg and sufentanil
0.2–0.4 lg/kg. Cisatracurium 0.2 mg/kg was
given to facilitate endotracheal intubation.

After induction, an ultrasound scanner was
used in all cases (GE Healthcare, Venue50), with
a curvilinear transducer 5–2 MHz for posterior
QLB. All blocks were performed in a supine
position by an anesthetist with extensive expe-
rience in regional blockade using a needle-in-
plane technique. The probe was placed at the
level of the anterior axillary line between the
anterior superior iliac spine and the 12th rib to
obtain the transversus abdominis plane (TAP)
image. The external oblique muscle was fol-
lowed posterolaterally until the transversus
abdominis muscle disappeared, and the
quadratus lumborum muscle was visualized.
The probe was tilted down to identify a bright
hyperechoic line corresponding with the mid-
dle layer of the thoracolumbar fascia. The nee-
dle (22-gauge 9 90 mm, Tuoren, Henan, China)
was inserted from the ventral side to the dorsal
side. Injections were performed posteriorly to
the quadratus lumborum muscle in the plane
between quadratus lumborum and erector spi-
nae muscles (Fig. 1). In the ropivacaine group
(group N), patients received 0.375% ropivacaine
20 ml ? 2 ml normal saline at each side. The
ropivacaine combined with magnesium sulfate

group (group M) received a QLB with 0.375%
ropivacaine 20 ml ? 10% magnesium sulfate
2 ml. Patients in the control group (group C)
received 22 ml of normal saline at each side.

Maintenance of anesthesia was achieved by
1 MAC of sevoflurane and remifentanil of
2–5 lg/(kg h). Before surgery, ondansetron 4 mg
and flurbiprofen axetil 50 mg were given intra-
venously. At the end of the surgery, patients
were extubated after adequate reversal of the
muscle relaxant with neostigmine 0.05 mg/kg
and atropine 0.02 mg/kg. After extubation,
patients were admitted to a postanesthesia care
unit (PACU). Postoperatively, all patients were
connected to a morphine PCA pump pro-
grammed to deliver an intravenous bolus of
0.02 mg/kg, with a lockout of 10 min and no
background infusion. The rescue analgesia on
the ward was intravenously administered flur-
biprofen axetil if the visual analog scale (VAS) at
rest was greater than 4.

The primary outcomes measured were VAS
scores at rest and during activity at admission to
the PACU and 4, 6, 12, 24, and 48 h postoper-
atively (0, no pain; 10, worst pain imaginable).
The secondary outcomes included the total
number of PCA morphine demands, time to the
first PCA bolus (min), and frequency of rescue
analgesia, nausea, vomiting, or any other

Fig. 1 Ultrasonographic image obtained during a quadra-
tus lumborum block. ES erector spinae, PM psoas muscle,
QL quadratus lumborum, TA transversus abdominis
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adverse effects. Patient satisfaction was also
recorded at 48 h (0, unsatisfactory; 5, very sat-
isfactory). Each patient was assessed by a blin-
ded ward nurse observer trained to evaluate the
outcomes.

Data were analyzed using SPSS 21 (IBM Corp,
Armonk, NY, USA). Quantitative data were
described as mean ± standard deviation (SD),
and analysis of variance (ANOVA) was used for
comparison. This was followed by post hoc tests
if a difference between the groups had been
detected. Pain scores were presented as median
(interquartile range) and analyzed by
Kruskal–Wallis H test. If there was a statistical
difference, the comparison between groups was
performed by using post hoc tests after rank
transform analysis. Categorical data were com-
pared using the chi-square test. The time to first
PCA administration was analyzed by Kaplan–-
Meier survival analysis and log rank statistics
together with an evaluation of the hazard ratio
by Cox proportional hazards model. Differences
were considered significant for P values less
than 0.05.

RESULTS

A total of 94 patients were recruited for this
study. Four patients were excluded, and 90 were
included and randomized (Fig. 2). Three
patients were excluded because of not meeting
the inclusion criteria (one patient was 61 years
old, and two patients had a BMI greater than
32 kg/m2), and one patient declined to partici-
pate. There were no statistically significant dif-
ferences in characteristics among the three
groups (Table 1).

Table 2 shows the VAS scores at rest and
during activity. VAS scores did not differ sig-
nificantly among the three groups immediately
after recovery from anesthesia. However, VAS
scores were significantly higher for both pain at
rest and during activity in group C compared to
groups N and M at 4 and 6 h postoperatively
(P\0.001). At 12 h postoperatively, the VAS
scores at rest and during activity were signifi-
cantly lower in group M than in groups N and
C (P\0.001). The VAS scores during activity
were also lower in group M than in groups N

and C (P\0.05) at 24 h postoperatively. At
48 h, VAS scores were not significantly different
among the three groups. Analgesia duration was
significantly longer in group M compared to
group N (Fig. 3).

Postoperative 48-h morphine demands in
group M were significantly lower than in
groups C and N (P\ 0.001). No patient in
group M required postoperative rescue analgesia
compared to six patients in group C (P\0.05).
Patient satisfaction for postoperative analgesia
in group M was significantly higher than that in
groups N and C (P\0.05). There were no sta-
tistically significant differences in the incidence
of postoperative nausea or vomiting among the
three groups (Table 3).

Figure 4 shows the Kaplan–Meier curve for
the time to the first PCA bolus. Group M had a
longer time to first morphine demand com-
pared with group C (P\ 0.05). In a Cox pro-
portional hazards model, the hazard ratio of
first PCA administration in group C patients was
two times greater than in group M patients
(hazard ratio 2; 95% confidence interval [CI]
1.208–4.137; P\0 0.05).

DISCUSSION

The results of the trial showed that local use of
magnesium as an adjuvant for QLB resulted in
lower VAS scores at both 12 h and 24 h post-
operatively, longer analgesia duration, and les-
ser morphine requirement and rescue analgesia.

The use of QLB as a part of a multimodal
regimen for postoperative analgesia by virtue of
simplicity and effectiveness has succeeded as an
analgesic technique in various abdominal surg-
eries. The quadratus lumborum muscle is a pos-
terior abdominal wall muscle originating from
the posterior part of the iliac crest and the lower
part of the 12th rib and ending at the upper edge
of the iliac crest. The middle layer of the thora-
columbar fascia (TLF) lies between the erector
spinae and quadratus lumborum muscles. The
sympathetic nerve fibers and mechanoreceptors
pass through the TLF, which plays an important
role in the mechanism of action of the QLB.
Moreover, several investigations have shown
that local anesthetics can spread through the TLF
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to the paravertebral space; hence, they can
relieve visceral pain.

According to the anatomic location of nee-
dle tip placement in relation to the quadratus
lumborum muscle, there are three injection
pathways for QLB, namely lateral QLB (QL1),
posterior QLB (QL2), and transmuscular QLB,
also called anterior QLB, (QL3). We chose QL2
for the study because this approach is in close
proximity to the surface; therefore, it is safer
and quicker to perform. With a more superficial
approach, the needle tip is separated from the
peritoneum, reducing the risk of intraperitoneal
injection and visceral injury.

Several studies have shown that QLB plays
an important role in the treatment of postop-
erative pain after lower abdominal surgery,
demonstrating that QLB reduces postoperative
pain and provides a significant reduction in
postoperative opioid consumption and side
effects [10–12]. However, in a recent trial, the
addition of QLB to intrathecal morphine after
cesarean section has not reduced postoperative
opioid consumption or provided additional
analgesic benefit beyond 6 h [13]. Our results
showed that VAS scores at rest and during
activity were reduced 6 h after surgery but not at
any other time point up to 48 h. Additionally,

Fig. 2 Consolidated Standards of Reporting Trials (CONSORT) flow diagram
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we did not find that the addition of QLB could
reduce morphine consumption in 48 h or
reduce the frequency of nausea and vomiting.

We found that magnesium sulfate aug-
mented the postoperative analgesic effect of

QLB. This result coincides with multiple previ-
ous studies that have investigated magnesium
sulfate as an adjuvant to local anesthetics in
various regional techniques. The mechanism of
action by which magnesium sulfate potentiates

Table 1 Demographic and surgical characteristics of patients (mean ± SD)

Group M
(n = 30)

Group N
(n = 30)

Group C
(n = 30)

P value

Age (years) 45.53 ± 5.46 47.50 ± 5.64 46.90 ± 6.02 0.397

Height (cm) 160.67 ± 3.08 161.57 ± 3.16 160.53 ± 2.80 0.357

Weight (kg) 60.75 ± 7.18 62.02 ± 6.72 62.12 ± 7.81 0.719

BMI (kg/m2) 23.54 ± 2.73 23.80 ± 2.93 24.09 ± 2.85 0.752

ASA (I/II) 16/14 16/14 18/12 0.835

Type of operation (hysterectomy and adnexectomy/

hysterectomy)

17/13 20/10 17/13 0.659

Duration of surgery (min) 79.53 ± 21.96 84.03 ± 26.03 75.40 ± 20.70 0.352

Duration of anesthesia (min) 90.33 ± 20.72 96.77 ± 25.67 87.90 ± 21.47 0.300

Table 2 VAS for pain at rest and during activity

Time Status Group M Group N Group C P value

Immediately Rest 0 (0–4) 0 (0–4) 0 (0–5) 0.485

Activity 1 (0–5) 0 (0–5) 1.5 (0–6) 0.066

4 h Rest 1 (0–4)a 1 (0–3)a 3 (0–6) \ 0.001*

Activity 2 (0–6)a 2 (0–4)a 5 (3–7) \ 0.001*

6 h Rest 1 (0–4)a 0.5 (0–3)a 3 (0–6) \ 0.001*

Activity 3 (0–6)a 2 (0–4)a 5 (3–7) \ 0.001*

12 h Rest 1 (0–4)ab 3 (0–6) 2 (0–6) \ 0.001*

Activity 2(0–4)ab 4 (2–7) 4 (0–6) \ 0.001*

24 h Rest 0.5 (0–4) 2 (0–5) 1 (0–4) 0.073

Activity 2 (0–4)ab 3 (0–7) 3 (0–5) 0.007*

48 h Rest 0 (0–3) 0 (0–2) 0 (0–3) 0.120

Activity 1 (0–3) 2 (0–3) 2 (0–4) 0.065

Data are expressed as median (interquartile range)
*Significant difference between the groups, aP\ 0.05 when comparing with group C, bP\ 0.05 when comparing with
group N
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the analgesic effect of local anesthetics is still
unclear. Magnesium is an N-methyl-D-aspartate
(NMDA) receptor and calcium antagonist. Some

studies have shown that the analgesic effects of
magnesium are primarily based on the inhibi-
tion of calcium influx and the excitability of
NMDA receptors, thus reducing the sensitivity
to central or peripheral pain stimulation
[14, 15]. A meta-analysis has proven that the
combination of magnesium sulfate and local
anesthetics in nerve blocks could result in
longer postoperative analgesia [6]. Ammar et al.
[7] reported that the addition of magnesium
sulfate to bupivacaine during transversus abdo-
minis plane (TAP) block significantly prolonged
the duration of analgesia and reduced postop-
erative morphine requirements and frequency
of nausea and vomiting. In another trial, adding
150 mg magnesium sulfate as an adjuvant to
0.5% ropivacaine during subclavian brachial
plexus nerve block resulted in a longer duration
of sensory and motor block and lesser demands

Fig. 3 VAS scores a at rest and b during activity over 48 h postoperatively. The solid line shows the median, and the box
edges show the interquartile range

Fig. 4 Kaplan–Meier survival curves of elapsed time from
surgery to postoperative first PCA bolus

Table 3 Morphine PCA consumption, frequency of rescue analgesia, satisfaction, nausea, or vomiting

Group M Group N Group C P value

Morphine dose (mg) 2.38 ± 2.99ab 5.47 ± 4.91 6.82 ± 5.42 0.001*

Rescue analgesia 0a 3 6 0.036*

Satisfaction 5 (3–5)ab 4 (3–5) 4 (3–5) 0.004*

Nausea or vomiting 7 9 10 0.073

Data are expressed as mean ± SD or median (interquartile range)
*Significant difference between groups, a P\ 0.05 when comparing with group C, b P\ 0.05 when comparing with
group N
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for rescue analgesics without significant side
effects [8].

In our study, we added 400 mg of magne-
sium sulfate to 0.375% ropivacaine during QLB,
and there were significant differences in post-
operative pain scores among the three groups.
The duration of the QLB was unknown. We
found that pain scores at rest and during activ-
ity were reduced at 4 h and 6 h postoperatively
in groups M and N. Lu et al. [16] studied QLB on
volunteers, and they have found that the
duration of analgesia with ropivacaine for QL2
was about 18.5 h. We observed that VAS scores
at rest and during activity were significantly
lower in group M compared to group N at 12
and 24 h postoperatively, which was consistent
with previous results reported by Ammar et al.
[7]. We believe that patients in group M had a
low VAS score because in 6 h postoperatively,
the effect of ropivacaine gradually disappeared,
while the analgesic action remained after the
combination with magnesium sulfate.

The optimal dose of magnesium sulfate for a
peripheral nerve block is also unclear. From the
current research, the minimum dose is 100 mg
[17], and the maximum dose is 1000 mg [18].
Intrathecal magnesium administered at a dose
of 200 mg has increased the incidence of nausea
by two to three times within 12 h after surgery
[19]. However, this side effect has not been
reported with magnesium at an equal or even
higher dose in several studies. Animal studies
have shown that intrathecal administration of
magnesium can cause nerve damage [20, 21].
However, no related side effects have been
observed clinically. In our study, 400 mg mag-
nesium sulfate was used, and there were no
recorded side effects. The potential neurotoxic-
ity and side effects of intrathecal magnesium
have not been adequately studied. Therefore,
further high-quality clinical studies are needed.

There are some limitations to our study. We
lacked the measurement of serum magnesium
level or adding intravenous administration of
magnesium sulfate to detect if the enhance-
ment effect is related to the systemic action of
magnesium. Like transversus abdominis plane
block, QLB is a fascial plane block. Local anes-
thetics are not directly injected near large
nerves, but, rather, into the surrounding areas

that have a high density of small nerve endings.
There have been no reports of nerve damage
[22]. All the patients in the study were women,
who are sensitive to pain [23]. QLB under
sedation may create additional pain and
diminish patient satisfaction. We performed
QLB under general anesthesia. It is easier to
evaluate the level of analgesia in an awake state.

CONCLUSION

The addition of magnesium sulfate at a dose of
400 mg to ropivacaine in QLB resulted in pro-
longing analgesia duration, decreasing anal-
gesic requirements, prolonging time to first
analgesia, and improving patient satisfaction
without significant side effects.
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