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ABSTRACT
Objective The transmuscular quadratus lumborum (TQL) 
block and the oblique subcostal transversus abdominis 
plane (OSTAP) block both contribute to multimodal 
analgesia after laparoscopic surgery. The objective of this 
study was to compare the analgesic effects of the TQL 
block versus OSTAP block after laparoscopic hysterectomy.
Design Prospective single- centre randomised single- blind 
trial.
Setting University- affiliated hospital.
Participants Patients aged between 18 and 65 years 
scheduled for laparoscopic hysterectomy.
Interventions Patients were randomised into two groups 
(1:1 ratio) and received bilateral TQL block or bilateral 
OSTAP block with 0.375% ropivacaine 20 mL on each side 
before surgery.
Primary and secondary outcome measures The 
primary outcome measure was the cumulative morphine 
dose in the first 24 hours. The secondary outcome 
measures were the morphine consumption at each time 
interval after surgery, the time from the end of surgery to 
the first need for morphine, the Numerical Rating Scale 
(NRS) scores for visceral and incisional pain intensity, and 
the incidence of adverse events.
Results The cumulative morphine dose was significantly 
lower in the TQL group than in the OSTAP group (17.2 
(12.5) vs 26.1 (13.3) mg, p=0.010). Compared with the 
OSTAP group, the morphine doses from 6 to 12, 12 to 18, 
and 18 to 24 hours were significantly lower, the time of 
first need for morphine was significantly longer and the 
NRS scores for visceral pain intensity were significantly 
lower in the TQL group.
Conclusion Compared with the OSTAP block, the TQL 
block reduced morphine consumption and provided better 
visceral pain relief with a longer duration of effect after 
laparoscopic hysterectomy.
Trial registration number Chinese Clinical Trial Registry 
(ChiCTR1800017995); pre- results.

INTRODUCTION
Laparoscopic techniques are commonly used 
in gynaecological surgery. Because gynae-
cological laparoscopy reduces the pain of 

incision compared with laparotomy, visceral 
pain has become the main postoperative 
complaint.1 2 In recent years, regional anaes-
thesia has been increasingly used as a compo-
nent of multimodal analgesia following the 
laparoscopic surgery.3 4

Hebbard et al5 described oblique abdominal 
transversus abdominis plane (OSTAP) block 
in 2010, which can provide effective analgesia 
for laparoscopic surgery.6 7 However, consid-
ering that OSTAP block only blocks the inter-
costal nerve and its lateral/anterior branches, 
visceral pain has not been relieved.

The quadratus lumborum (QL) block is 
increasingly used in laparoscopic surgery 
in recent years.8–11 The QL block causes 
the local anaesthetic to spread through the 
thoracolumbar fascia to the thoracic paraver-
tebral space, which may have analgesic effect 
on incision pain and internal organs.12 13 
Generally speaking, there are four types of 
QL block, which are called lateral QL block, 

Strengths and limitations of this study

 ► This is the first randomised controlled trial to evalu-
ate the analgesic effects of the transmuscular qua-
dratus lumborum block versus the oblique subcostal 
transversus abdominis plane block after laparo-
scopic hysterectomy.

 ► This trial evaluated visceral pain in patients follow-
ing laparoscopic hysterectomy.

 ► The local anaesthetic was injected under ultrasound 
guidance, to ensure the process safety and the an-
algesic effects.

 ► Patients were not feasible to blind the group alloca-
tion due to their different allocated treatments.

 ► This is a single- centre clinical trial design which 
may limit the generalisability of the conclusions.
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posterior QL block, transmuscular QL (TQL) block and 
intramuscular QL block.14

There has been no study comparing the TQL block 
with OSTAP block after laparoscopic hysterectomy. We 
proposed the hypothesis that the TQL block reduces 
the analgesic consumption after laparoscopic hysterec-
tomy and provides a better pain relief, compared with 
the OSTAP block. The primary endpoint was the cumu-
lative morphine dose in the first 24 hours after surgery. 
Secondary endpoints included the morphine dose from 
0 to 1, 1 to 6, 6 to 12, 12 to 18, and 18 to 24 hours after 
surgery, the time from the end of surgery to the first need 
for morphine, the Numerical Rating Scale (NRS) scores 
for postoperative visceral and incisional pain intensity (at 
rest and on movement), and the incidence of adverse 
events.

METHODS
The trial was registered prior to patient enrolment at the 
Chinese Clinical Trial Registry (date of registration: 25 
August 2018). Written informed consent was obtained 
from all study participants.

Sixty patients scheduled for laparoscopic hysterec-
tomy were included in this prospective, single- centre 
randomised trial. Inclusion criteria included age between 
18 and 65 years, American Society of Anesthesiologists 
(ASA) physical status scores of I or II, and body mass 
index (BMI) between 18 and 28 kg/m2. Exclusion criteria 
included a history of allergy of ropivacaine or other drugs 
used in this trial, a history of alcohol or analgesic depen-
dence, peripheral neuropathy (such as diabetic neurop-
athy), coagulopathy, skin pathology at the puncture site, 
a history of severe vomiting or motion sickness, difficulty 
with communication or unwillingness to receive regional 
anaesthesia.

Patients were randomised into the TQL and OSTAP 
groups (n=30) according to a random number table that 
was generated by SPSS V.22.0 statistical software (IBM 
Corporation). The trial was a single- blind design. Patients 
were not feasible to blind the group allocation due to 
their different allocated treatments. The investigators 
responsible for data collection and analysis were unaware 
of group allocation and did not participate in the inter-
vention during the trial.

On the day before surgery, patients were educated to 
distinguish the postoperative pain in the lower abdomen 
including incisional versus visceral pain (incisional pain 
was described as superficial pain localised in the abdom-
inal wall; visceral pain was described as deep abdominal 
pain that is difficult to localise and is mostly dull, aching 
or colic pain). Patients were also educated on the NRS 
pain intensity score (0=no pain, 10=worst imaginable 
pain) and on the use of patient- controlled analgesia 
(PCA) for postoperative analgesia.

Prior to surgery, all patients were fasted for 8–12 hours 
in accordance with non- peros (NPO) guidelines. No 
preoperative medications were given. Intravenous access 

was established and routine monitors (non- invasive blood 
pressure, continuous ECG and pulse oximetry) were 
placed in the operating room.

The regional anaesthesia was performed in the 
operating room prior to induction of anaesthesia. An 
ultrasound- guided TQL block or OSTAP block was 
performed by the same attending anaesthesiologist, who 
did not participate in data collection or analysis. We used 
cold stimulus to evaluate the spread of block approxi-
mately 30 min after block; and range from T10 to T12 
was defined as a successful blockade, which reached the 
incision plane.

In the TQL group, bilateral TQL block at L2 level was 
performed with 20 mL of 0.375% ropivacaine (LBKL; 
AstraZeneca AB, Sweden) on each side. The patients 
were placed in a lateral decubitus position with the oper-
ator facing the back. The spinous process line of lumbar 
vertebra was marked. The 12th rib was found by using 
a low- frequency (2–5 MHz) convex probe (SonoSite 
X- Porte; SonoSite, Bothell, Washington, USA) in the 
sagittal section. Then the probe was moved medially to 
check the transverse process of T12 and caudally to check 
the transverse process of L1 and L2. A vertical line was 
drawn through the L2 transverse process to the spinous 
process line. The convex probe scanned along this line, 
avoiding the costal margin that might be encountered, 
to find the Shamrock sign: where the psoas muscle was 
anterior, the spinae muscle was posterior to the transverse 
process, and the QL muscle was attached to the apex of 
the transverse process. Using an in- plane technique, a 
22G needle (B.Braun Melsungen, Melsungen, Germany) 
was inserted into the skin in an anteromedial direction 
through the QL and directed towards the space between 
the QL and psoas major muscles, determined by an injec-
tion of 1–2 mL saline. Then local anaesthetic was injected 
into the fascial plane (figure 1A).

In the OSTAP group, bilateral OSTAP block was 
performed with 20 mL of 0.375% ropivacaine on each 
side, as previously described by Chen et al.15 Patients were 
placed in a supine position. A high- frequency (6–12 MHz) 
linear probe was placed near the xiphoid process, parallel 
to the costal margin, to identify the rectus abdominis and 
the underlying transversus abdominis. Using an in- plane 
technique, a 22G needle 1–2 cm medial to the probe 
was inserted into transversus abdominis plane (TAP) 
through the rectus muscle. The location of needle tip was 
confirmed by injection of 1–2 mL saline. This sequence 
was repeated four to five times along the oblique subcostal 
line until the edge of the transducer reached the anterior 
part of the iliac crest. Then local anaesthetic was evenly 
injected along the oblique subcostal line (figure 1B).

Patients were placed under general anaesthesia by an 
anaesthesiologist who was not an investigator for this study 
and who was unaware of group allocation. Sufentanil 
(0.3 µg/kg), propofol (1–2.5 mg/kg) and rocuronium 
(0.6 mg/kg) were used for induction. The tidal volume 
was adjusted to 6–8 mL/kg and the respiratory rate to 
12–16 breaths/min after tracheal intubation to maintain 
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end- tidal carbon dioxide pressure between 30 and 45 mm 
Hg. Anaesthesia was maintained with propofol (4–8 mg/
kg/hour), remifentanil (0.1–0.3 µg/kg/min) and sevoflu-
rane (1%–1.5% in oxygen). The bispectral index value 
was maintained between 40 and 60. Intermittent rocuro-
nium was given when necessary. Ondansetron (8 mg) and 
flurbiprofen (100 mg) were intravenously administered 
about 30 min before the end of the surgery. In addition, 
intravenous morphine infusion was started in the post- 
anaesthesia care unit with a PCA pump (ZZB- I automatic 
injection pump driver; Nantong Aipu Medical Instru-
ment Co, Nantong, China) containing 50 mg morphine 
diluted with saline to a volume of 100 mL. The PCA was 
programmed to deliver a bolus dose of 1.5 mg morphine, 
without background infusion, with a lockout of 5 min and 
a limit of 10 mg/hour. No other pro re nata (PRN) anal-
gesia was provided.

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.

Data collection
Demographic and intraoperative characteristics including 
age, ASA classification, height, weight, BMI and surgical 
duration were recorded. The following medication data 
points were recorded: cumulative morphine dose in the 
first 24 hours, cumulative morphine dose administered 
from 0 to 1, 1 to 6, 6 to 12, 12 to 18, and 18 to 24 hours 
after surgery, and the time from the end of surgery to 
the first need for morphine analgesia. Visceral and inci-
sional pain intensity scores (at rest and on movement) 
were recorded at 0.5, 1, 2, 6, 12, 18, and 24 hours after 
surgery as NRS scores ranging from 0 to 10. Adverse reac-
tions during and after surgery were recorded, including 
nausea and vomiting, itchy skin, puncture site infection, 
abdominal organ injury, local anaesthetic toxicity, hypoki-
nesia of the lower extremity and paresthesia.

Statistical analysis
All data were analysed with SPSS V.22.0 statistical soft-
ware. The Shapiro- Wilk test was used to evaluate normal 

distribution. Measured data with normal distribution were 
expressed as mean±SD; non- normally distributed data 
were expressed as median (IQR). Frequencies were used 
for categorical variables. ASA classification and incidence 
of adverse events were analysed with the Χ2 test. Age, 
height, weight, BMI and 24- hour cumulative morphine 
dose were analysed with Student’s t- test. Surgical duration 
and morphine dose in the intervals were analysed with 
the Mann- Whitney U test. Kaplan- Meier survival curves 
were used to plot the elapsed time between completion 
of surgery and the first administration of rescue anal-
gesia; the difference between groups was compared with 
the log- rank test. NRS scores were analysed with repeated- 
measures analysis of variance. Values of p<0.05 were 
considered statistically significant.

Sample size calculation
The power analysis was based on the primary endpoint 
of cumulative morphine dose in the first 24 hours after 
surgery in preliminary study, and performed with the 
Power Sample Size (PASS V.11.0) software program 
(NCSS, Kaysville, Utah, USA). In the preliminary 
study, 10 patients were assigned to a TQL or OSTAP 
group (n=5), and the cumulative morphine dose in 
24 hours was compared between groups (15.0±14.2 vs 
28.2±6.1 mg). We assumed a type I error of 0.05 and 
a power of 0.90, and the Student’s t- test was used. A 
sample size of 21 patients per group was needed to 
determine statistically significant differences between 
groups. Considering the loss potential and errors, we 
decided to include 30 patients in each group for this 
trial.

RESULTS
General information
Seventy- two female patients for elective laparoscopic 
hysterectomy between September 2018 and March 
2019 were considered eligible; of these 60 patients 
were randomly assigned and included in the anal-
ysis (figure 2). There was no statistically significant 

Figure 1 Probe position and sonogram. (A) Ultrasonogram of transmuscular quadratus lumborum (QL) block; (B) 
ultrasonogram of oblique subcostal transversus abdominis plane block. ES, erector spinae; PC, peritoneal cavity; PM, psoas 
major; RA, rectus abdominis; SC, subcutaneous; TA, transversus abdominis; TP, transverse process.
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difference between groups in ASA classification, age, 
height, weight, BMI or surgical duration (table 1).

Morphine consumption and the time of first need for morphine
The cumulative morphine dose in the first 24 hours 
after surgery was significantly lower in the TQL group 
than in the OSTAP group (p=0.010). The morphine 
doses administered in the intervals from 6 to 12, 12 to 
18, and 18 to 24 hours were significantly lower in TQL 
group than in the OSTAP group (p=0.003, p=0.020, 
p=0.028, respectively), but no significant difference 
in the intervals from 0 to 1, 1 to 6 hours (p=0.321 and 
p=0.845) (table 2).

The median time in hours between completion of 
surgery and the first administration of rescue analgesia 
was significantly longer in the TQL group than in the 
OSTAP group (6.0; 95% CI 5.5 to 6.5 vs 4.0; 95% CI 3.1 
to 4.9 hours, p=0.027, computed using a log- rank test) 
(figure 3).

Pain intensity scores
The NRS scores for postoperative visceral pain intensity 
at rest and on movement in TQL group were signifi-
cantly lower than that in the OSTAP group (p=0.007 
and p<0.001, respectively) (figure 4A,B). The NRS 
scores for postoperative incisional pain intensity at 

Figure 2 CONSORT flow diagram. CONSORT, CONSolidated Standards Of Reporting Trials; OSTAP, oblique subcostal 
transversus abdominis plane; TQL, transmuscular quadratus lumborum block.

Table 1 Demographic and intraoperative characteristics

Characteristic OSTAP group, n=30 TQL group, n=30 P value

ASA classification (Ⅰ/Ⅱ) 19 (63.3)/11 (36.7) 18 (60)/12 (40) 0.791

Age, years 50.6±6.2 52.6±7.5 0.256

Height, cm 158.5±5.6 158.8±5.2 0.867

Weight, kg 59.2±8.9 59.8±8.4 0.807

BMI, kg/m2 23.5±3.0 23.6±2.6 0.869

Surgical duration, min 120.0 (93.8–150.0) 120.0 (90.0–122.5) 0.195

Measured data with normal distribution were expressed as mean±SD. Non- normal distributed data are expressed as median (IQR). 
Qualitative data were expressed as n (%).
ASA, American Society of Anesthesiologists; BMI, body mass index; OSTAP, oblique subcostal transversus abdominis plane; TQL, 
transmuscular quadratus lumborum.
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rest and on movement were not significantly different 
between groups (p=0.507 and p=0.640, respectively) 
(figure 4C,D).

Adverse events
There were no significant differences between two groups 
in the incidence of postoperative nausea and vomiting 
(7 patients in the TQL group, 14 patients in the OSTAP 
group, p=0.058). No other adverse events were observed 
in either group, including puncture site infection, abdom-
inal organ injury, local anaesthetic toxicity, lower extremity 
muscle weakness or skin itching.

DISCUSSION
In this study, we compared the postoperative analgesic 
effect of the TQL block with OSTAP block in patients 
undergoing laparoscopic hysterectomy. Results showed that 
patients who received a TQL block had significantly lower 
morphine consumption and lower visceral pain intensity 

scores over 24 hours after surgery, which demonstrated that 
the TQL block had longer duration and more sufficient 
strength of analgesia when compared with OSTAP block.

Blanco et al first described that the effect of lateral QL block 
was similar to that of the TAP block. Meanwhile, Blanco et al 
moved the point of injection to the posterior wall of the QL 
(posterior QL block), considering the posterior QL block 
results in a more extensive sensory- level analgesic.13 Dam 
et al injected local anaesthetic into the interfascial plane 
between the QL and psoas major (TQL block),16 and also 
studies confirmed that TQL block provided more effective 
postoperative analgesic effect compared with posterior 
QL block.17 18 Based on this background, the TQL block 
was chosen in this study. Case reports and randomised 
controlled clinical trials still did not reach a consensus on 
the block range generated by different approaches of TQL 
block. A cadaver study compared the different approaches 
of QL block, showing that the analgesic range may be from 
T10 to L4 by TQL block.19 Also, there was a case series study 
that demonstrated that the TQL block at L2 level generated 
a block range from T8 to L1.20 Lu et al reported that the 
TQL block primarily affected dermatomes T9–L1, while 
the maximum cephalad dermatome level reached was T7, 
and caudally was L2.21 These studies revealed that the TQL 
block is suitable for postoperative analgesia after abdominal 
surgery, especially for lower abdominal surgery.

In this study, a 10 cm needle retracted and reinserted into 
the plane along the oblique subcostal line four to five times 
to accomplish the OSTAP block as Chen et al15 described, 
rather than the 15–20 cm needle used by Hebbard et al.5 
In addition, the effective hydrodissection allowed a less 
volume of local anaesthetic than that used by Hebbard et 
al.5 15 Several studies confirmed that the OSTAP block could 
provide postoperative analgesia for abdominal surgery. 
Lee et al demonstrated that an OSTAP block blocked four 
segments on the anterior abdominal wall with the most 
cephalad T8 using a 20 mL volume.22 Chen et al demon-
strated that OSTAP block produced a cutaneous sensory 
blockade with a consistent dermatomal distribution from 
T6 to L1.15 Meanwhile, the OSTAP block reduced tramadol 
requirements and Visual Analogue Scale scores within 24 
hours after laparoscopic hysterectomy in a randomised 
controlled trial.23 However, a study also reported that the 
analgesic effect of subcostal TAP was limited in laparo-
scopic cholecystectomy, because patients complained more 
of visceral pain than of incisional pain.24 There were no 
significant differences in incisional pain scores between 
the groups. However, the visceral pain scores were signifi-
cantly higher in the OSTAP group than in the TQL group. 
Meanwhile, the morphine consumption in the TQL group 
was significantly reduced 6 hours after surgery. Therefore, 
it is considered that the OSTAP block relieved incisional 
pain due to the local anaesthetic infiltrate into the anterior 
abdominal wall, but has limited effects on relieving visceral 
pain.

The TQL block and OSTAP block are trunk nerve block 
techniques, however the TQL block produced longer anal-
gesia duration and relieved both incisional and visceral 

Table 2 Morphine consumption after surgery

Morphine 
consumption

OSTAP group, 
n=30

TQL group, 
n=30 P value

Interval morphine consumption, mg

0–1 hour 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.321

1–6 hours 3.8 (1.5–9.4) 4.5 (0.0–9.8) 0.845

6–12 hours 14.2 (6.0–15.0) 7.5 (3.0–12.0) 0.003

12–18 hours 3.0 (1.1–9.8) 0.8 (0.0–6.0) 0.02

18–24 hours 0.0 (0.0–3.0) 0.0 (0.0–0.0) 0.028

Cumulative morphine consumption, mg

24 hours 26.1±13.3 17.2±12.5 0.01

Measured data with normal distribution were expressed as 
mean±SD. Non- normal distributed data are expressed as 
median (IQR).
OSTAP, oblique subcostal transversus abdominis plane; TQL, 
transmuscular quadratus lumborum.

Figure 3 Time of first need for morphine demonstrated by 
the Kaplan- Meier survival curves (6.0; 95% CI 5.5 to 6.5 vs 
4.0; 95% CI 3.1 to 4.9 hours, p=0.027, computed using a log- 
rank test). OSTAP, oblique subcostal transversus abdominis 
plane; TQL, transmuscular quadratus lumborum block.
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pain in this study. The mechanism of the TQL block has not 
been clarified. Most researchers believe that the local anaes-
thetics spread to the thoracic paravertebral space through 
the thoracolumbar fascia, producing effects similar to a 
paravertebral nerve block. Carline et al found that dye 
injected in the anterior QL in cadavers spread to the psoas 
major and QL muscles, and surrounded the roots of the 
first to third lumbar nerves.19 Dam et al found that after 
TQL block in cadavers, the dye spread into the thoracic 
paravertebral space and the intercostal spaces to surround 
the somatic nerves and thoracic sympathetic trunk.25 In 
addition, there is reticular distribution of sympathetic nerve 
fibres and a rich neural network in the fascial structures,26 
it was confirmed that sympathetic nerves play an important 
role in the occurrence and progression of pain.27 The TQL 
block might produce analgesic effects by blocking sympa-
thetic nerve fibres in the thoracolumbar fascia.

No puncture site infection, abdominal organ injury, local 
anaesthetic toxicity, weakness of lower limbs or skin itching 
occurred in this study, indicating that both the TQL block 
and OSTAP block were safe. In both the TQL group and 
OSTAP group, different degrees of nausea and vomiting 
occurred, a finding that might be attributed to surgery, 
general anaesthesia, postoperative use of morphine and 
other factors. There was no significant difference in the 
incidence of nausea and vomiting between the groups, the 
p value was close to 0.05.

This study had several limitations. (1) Although patients 
received standardised education to distinguish between 
the incisional and visceral pain, a small proportion of 

patients could not distinguish the two types of pain clearly, 
but were able to give NRS scores for visceral and incisional 
pain, respectively, with the guidance of the assessors. (2) 
Some of the secondary outcomes were not assessed but 
were initially included in the registration form. The Brug-
grmann Comfort Scale score is evaluated in patients with 
deep breathing or coughing, similar to NRS scores assessed 
both at rest and on movement in this study. The investi-
gator could not correctly record the time when the patients 
got out of bed within 24 hours after surgery due to an 
unforeseen circumstance that some patients refused early 
postoperative activity, affected by the traditional Chinese 
concepts. Ramsay Sedation Scale score (RSS) is widely used 
to evaluate the degree of sedation. In the preliminary study, 
patients did not consume much morphine in two groups, 
and were all awake and cooperative after the operation, so 
we did not observe RSS in this study. Meanwhile, we added 
the observation time point of 12 hours for evaluating NRS 
pain score in this study, which had not been prespecified in 
the trial registry. (3) Because of the limited sample size of 
this study, the p value was close to 0.05 when the incidence 
of nausea and vomiting was compared between groups. A 
larger sample size is needed to confirm this finding. (4) We 
excluded the patients with BMI ≥28 kg/m2 or ≤18 kg/m2, 
which limits the generalisability of the results. (5) Since the 
local anaesthetic flows back from the needle path of each 
insertion when performing the OSTAP block, a slight differ-
ence in the volume of the local anaesthetic between the two 
groups may bring the risk of bias. (6) Inhalation combined 
with venous anaesthesia was used in this study, which was 

Figure 4 NRS scores for postoperative visceral and incisional pain intensity (at rest and on movement). (A) NRS score for 
visceral pain at rest; (B) NRS score for visceral pain on movement; (C) NRS score for incisional pain at rest; (D) NRS score for 
incisional pain on movement. Data were expressed as mean±SD. NRS, Numerical Rating Scale; OSTAP, oblique subcostal 
transversus abdominis plane; TQL, transmuscular quadratus lumborum.



7Huang L, et al. BMJ Open 2021;11:e043883. doi:10.1136/bmjopen-2020-043883

Open access

beneficial in reducing anaesthetic- related adverse reac-
tions. However, one more variable may lead to biased result.

CONCLUSIONS
In this study, the TQL block provided better visceral pain 
relief with longer duration of analgesia and reduced postop-
erative morphine consumption, compared with the OSTAP 
block. As a new developing regional anaesthesia technique, 
the TQL block may be a component of multimodal anal-
gesia for postoperative pain relief following laparoscopic 
hysterectomy and other laparoscopic surgeries.
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