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Abstract

Background Laparoscopic surgery is regarded as the gold standard for the surgical management of cholelithiasis. To improve
post-operative pain, low-pressure laparoscopic cholecystectomies (LPLC) have been trialed. A recent systematic review found
that LPLC reduced pain; however, many of the randomised control trials were at a high risk of bias and the overall quality of
evidence was low.

Methods One hundred patients undergoing elective laparoscopic cholecystectomy were randomised to a LPLC (8 mmHg) or a
standard pressure laparoscopic cholecystectomy (12 mmHg) (SPLC) with surgeons and anaesthetists blinded to the pressure.
Pressures were increased if vision was compromised. Primary outcomes were post-operative pain and analgesia requirements at 4-6
h and 24 h.

Results Intra-operative visibility was significantly reduced in LPLC (p<0.01) resulting in a higher number of operations
requiring the pressure to be increased (29% vs 8%, p=0.010); however, there were no differences in length of operation or
post-operative outcomes. Pain scores were comparable at all time points across all pressures; however, recovery room
fentanyl requirement was more than four times higher when comparing 8 to 12 mmHg (12.5mcg vs 60mcg, p=0.047).
Nausea and vomiting was also higher when comparing these pressures (0/36 vs 7/60, p=0.033). Interestingly, when surgeons
estimated the operating pressure, they were correct in only 69% of cases.

Conclusion Although pain scores were similar, there was a significant reduction in fentanyl requirement and nausea/
vomiting in LPLC. Although LPLC compromised intra-operative visibility requiring increased pressure in some cases, there
was no difference in complications, suggesting LPLC is safe and beneficial to attempt in all patients.

Trial Registration Registered with the Australia and New Zealand Clinical Trials Registry (ACTRN12619000205134).

Keywords Laparoscopic cholecystectomy - Standard pressure pneumoperitoneum - Low-pressure pneumoperitoneum -
Post-operative pain - Surgeon visibility

Introduction

Post-operative pain following laparoscopic cholecystectomy
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the carbon dioxide insufflation 3. Traditionally, an intra-
abdominal pressure of 12 to 15 mmHg is considered satisfac-
tory for the visualisation of the anatomy and manipulation of
surgical equipment *. It has been shown to be feasible to
perform LC with no difference in morbidity or mortality at
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lower intra-abdominal pressures (7—10 mmHg) with potential
benefits in organ function >°. This suggests that low-pressure
LC (LPLC) may be a method to reduce post-operative pain
attributable to barotrauma, as well as having implications for
performing LC in high-risk patients >,

There is some evidence that LPLC is associated with de-
creased pain; however, these results are still open to debate as
many of the clinical trials detailing the benefits were found to
be at a high risk of bias and inadequate blinding °. There is
also controversy regarding the role of higher pressure in the
causation of shoulder tip pain, with the common theory being
that the causative factors are distention and irritation by car-
bon dioxide; however, many studies show no significant dif-
ference in shoulder tip pain in LPLC '®'%, Clarification that
LPLC can lead to an improvement in post-operative pain may
lead to more day case LC with an increase in bed availability
as well as patient satisfaction °.

To test the hypothesis that LPLC reduces post-operative
pain, as measured by both post-operative pain scores and an-
algesia requirement, we performed a double-blinded
randomised controlled trial with blinded trial investigators to
minimise bias.

Materials and Methods

This study was conducted at Northern Health, Melbourne,
Australia from February 2019 to October 2019. Ethical ap-
proval was sought from an independent review board (IRB)
and was granted by the Austin High Risk Ethics Committee
(HREC/45804/Austin-2018). The study was registered with
the Australia and New Zealand Clinical Trials Registry
(ACTRN12619000205134). This study was conducted and
reported according to CONSORT guidelines for randomised
trials.

Study Population

All patients who were booked for an elective laparoscopic
cholecystectomy at Northern Health during the study period
were assessed for the study and once consented were
randomised to have their laparoscopic cholecystectomy per-
formed at either low pressure (8§ mmHg) or standard pressure
(12 mmHg) in a 1:1 ratio. Exclusion criteria included patients
who underwent emergency laparoscopic cholecystectomy, a
secondary operation (hernia repair, endoscopic retrograde
cholangiopancreatography or common bile duct exploration),
were under 18 years of age, had chronic pain syndrome, reg-
ular consumption of opiate medication, were allergic to opiate
medications or unable to communicate in English for the pur-
poses of consent and post-operative pain scores. Written con-
sent was performed by a trained investigator and

documentation was maintained according to ethical and insti-
tution regulations.

The sample size was calculated by a continuous endpoint;
two independent sample study power calculations were per-
formed. Assuming that the pain scores are 10% higher with
standard intra-abdominal pressure laparoscopic cholecystec-
tomy with a standard deviation of 15% of the measurements,
and assuming a type I error of 0.05 and a type II error of 0.2,
power calculations reveal that 86 participants (43 in each
group) will give a significant result. Allowing for participant
dropout, 100 patients were recruited.

Randomisation, Allocation Concealment and Blinding

Randomisation was achieved by an electronic random number
generator (www.randomizer.org), with randomised pressure
settings placed into consecutively numbered envelopes by an
independent investigator who was not involved in data
collection. At operation, theatre technicians, who were
trained in the study protocols but independent of the data
collection and analysis, opened the consecutively numbered
envelope and set the machine to the allocated pressure setting.
The pressure settings on the laparoscopic towers were covered
with black card to ensure surgeons could not read the pressure
settings.

Surgical Intervention

After infiltration with local anaesthetic (20 ml 0.75%
ropivocaine or 0.5% bupivacaine with adrenaline), pneumo-
peritoneum was achieved by an open technique using a
Hassan Port. Intra-abdominal pressure was determined and
delivered as described above. Insufflation was initiated with
room temperature carbon dioxide with low flow (3 L/min)
before proceeding to high flow (20 L/min). LC was performed
using the standard 4-port ‘American’ technique with routine
intra-operative cholangiogram. If at any time throughout the
operation the surgeon felt that the intra-abdominal pressure
was inadequate for safety reasons, they could request for an
increase in pressure. The laparoscopic pressure settings were
increased from 8 to 12 mmHg, or from 12 to 15 mmHg de-
pending on the starting pressure, according to the protocol
(Supplementary Fig. 1). This process was also performed by
the trained theatre technicians. At the conclusion of the intra-
abdominal operation, the liver bed was irrigated and suctioned
thoroughly and all gas evacuated.

Anaesthetic Intervention
All patients were nil by mouth for 6 h prior to their admission.
Oral paracetamol was administered by the peri-operative

nurses prior to general anaesthesia. Anaesthesia was induced
with fentanyl and propofol, and maintained with sevoflurane
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in O,. Neuromuscular blockade was achieved by non-
depolarising muscle relaxants (rocuronium, atracurium
or vercuronium) and monitored with GE M-NMT
kinemyography monitoring at the adductor pollicis muscle
with Train of Four (TOF) analysis. A TOF ratio of 1 twitch
or less was monitored and targeted by anaesthetists to ensure a
consistent neuromuscular blockade across both groups.
Intraoperative analgesia was achieved with 8 mg of dexameth-
asone, 40 mg of parecoxib, and boluses of fentanyl, titrated as
required. Depth of anaesthesia was monitored by GE entropy
and titrated to an entropy reading between 40 and 60 to ensure
consistency between patients. At the end of the surgery, neu-
romuscular blockade was reversed with neostigmine and
glycopyrrolate. Post-operative recovery included regular para-
cetamol, ibuprofen and intravenous fentanyl was given by
recovery room nurses according to institutional policies and
titrated to effect. Post-operative nausea and vomiting preven-
tion treatment was not protocolised for this study; however,
intra-operative dexamethasone and post-operative
ondansetron were commonly used for this purpose. Post-
operative and discharge analgesia comprised of oral analge-
sics; paracetamol 1 g, ibuprofen 400 mg and oxycodone 5 mg
as required.

Data Collection

Baseline characteristics, American Society of Anaesthesiologists
(ASA) grade, operative time, intra-operative data including
requirement for pressure change, hyper- or hypotension
during laparoscopy (as defined by greater or lesser than
20% from baseline) or a bradycardic event (< 40 beats
per minute) were recorded. Medical records were interro-
gated for type and quantities of anaesthetic agents and an-
algesia used, and post-operative complications within 30
days. Post-operative pain scores were obtained on a Likert
scale from 0 (no pain) to 10 (worse pain ever felt) at 4—6 h
and 24 h by a trained investigator who was blinded to the
operative laparoscopic pressure. Nausea or vomiting, as
reported by the patient, at 4—6 h was also recorded.
Primary outcomes of pain scores at 4—6 h were obtained
with a face-to-face consultation, and secondary outcomes
of 24-h pain scores were obtained over the telephone re-
gardless of whether the patient was still admitted or
discharged. Patients were called three times over the space
of a 4-h period. If the patient did not answer after the third
attempt, then a 24-h pain score was not recorded. Surgeon
operative visibility was assessed at the end of the operation
on a Likert scale of 1 (terrible view) to 5 (excellent view).
Additionally, surgeons were asked to state which pressure
they thought they were initially operating at. Study codes
were only matched with randomisation data once all data
for all patients was collected.

@ Springer

Statistical Analysis

Descriptive statistics were prepared to compare the patient and
clinical characteristics between the two randomised groups.
Subset analysis was performed with groups determined by
lower post-operative scores between both groups, with sec-
ondary measures of analgesia requirement. For categorical
variables, chi-squared tests or Fishers Exact tests were used
to compare groups, whilst for continuous variables, Students ¢
tests or Analysis of Variance (ANOVA) and/or Mann-
Whitney (ranksum) or Kruskal-Wallis tests were applied, de-
pending on the distribution and number of groups being com-
pared. Data was collated in Microsoft Excel, before importing
to Stata version 15.1 (StataCorp, College Station, TX, USA)
for statistical analysis, with a p value of less than 0.05 indicat-
ing statistical significance.

Results

A total of 148 patients that underwent elective LC during the
study period were assessed for inclusion into the study. After
exclusions, 100 patients were randomised with 51 patients
allocated to LPLC and 49 to a SPLC as shown in Fig. 1.
Baseline characteristics including age, gender and BMI were
not significantly different between both groups (Table 1).
Similarly, there were no differences in the anaesthetic and
operative characteristics including primary surgeon, type of
local anaesthetic agent, muscle relaxant and use of non-
opioid analgesia. There was a higher number of ASA grade
1 patients in the standard pressure group, and higher number
of ASA grade 2 patients in the low-pressure group (p=0.025).

The satisfaction with the view by surgeons was significant-
ly worse with low pressure with only 22% of surgeons oper-
ating at 8 mmHg rating the intra-abdominal view as excellent
when compared to 65% in the standard pressure group
(»<0.001) (Table 2.) Significantly, more patients in the
LPLC group required a pressure increase to a higher pressure
than in the SPLC group (29% vs 8%, p=0.010) (Table 2).
Interestingly, whilst surgeons more often estimated the pres-
sure setting correctly, the number of times the pressure was
guessed incorrectly was 31%.

Outcome data analysis was calculated within eventual
pressure groups in an attempt to demonstrate pressure-
related outcomes as opposed to intention-to-treat out-
comes as this has far greater clinical implications. Thus,
36 patients operated on at 8 mmHg, 60 patients operated
on at 12 mmHg and 4 patients operated on at 15 mmHg
were analysed (Fig. 1).

In terms of safety, operative times were comparable across
both groups, with a median duration of 68 min (Inter-quartile
range (IQR): 49 to 83) in LPLC group compared to 62 min
(IQR: 48 to 77) in the SPLC group (p=0.48). Post-operative
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Fig. 1 CONSORT flow diagram. Assessed for eligibility
LPLC, low-pressure laparoscopic (n=148)
cholecystectomy; SPLC, standard
pressure laparoscopic
cholecystectomy Excluded (n = 48)

15| * Unable to communicate in English =20
* Did not consent= 15

* Exclusion Criteria = 13

v
I Randomised (n = 100) |
I

| l

I Allocated to LPLC (n=51) l | Allocated to SPLC (n = 49) I
I I

| } !

| 12mmHg I I 12mmHg | 15SmmHg
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Intervention Received 12mmHg Intervention Received 15mmHg

Intervention Received 8mmHg
(n=36) (n=60) (n=4)

complications in the LPLC group consisted of two wound  consisted of four wound infections and one bile leak that
infections, one post-operative deep vein thrombosis and one ~ was managed conservatively.

bile leak that required laparoscopy and re-clipping of the cys- Median overall pain scores and shoulder tip pain scores
tic duct. Post-operative complications in the SPLC group  at 4 h and 24 h did not differ significantly between 8, 12

Table 1 Randomised group

allocation baseline characteristics Factor LPLC SPLC p value
N 51 49
Age, mean (SD) 47.6 (17.1) 48.7 (14.6) 0.73
Gender 0.47
Male 13 (25%) 9 (18%)
Female 38 (75%) 40 (82%)
BMI, median (IQR) 30.2 (25.6, 34.9) 29.4 (26.7, 34.6) 091
Surgeon 0.89
Consultant 22 (43%) 23 (47%)
Fellow 8 (16%) 6 (12%)
Registrar 21 (41%) 20 (41%)
ASA 0.025
1 7 (14%) 16 (33%)
2 37 (73%) 23 (47%)
3 7 (14%) 10 (20%)
Local anaesthetic 1.00
Ropivacaine 30 (59%) 30 (61%)
Bupivacaine with adrenaline 21 (41%) 19 (39%)
Neuromuscular blocking drug 0.94
Rocuronium 29 (57%) 27 (55%)
Atrocurium 21 (41%) 20 (41%)
Vecuronium 1 2%) 2 (4%)
Intraoperative parecoxib 31 (61%) 35 (71%) 0.30
Regular paracetamol 45 (88%) 46 (94%) 0.49
Regular NSAID 11 (22%) 12 (24%) 0.81

SPLC standard pressure laparoscopic cholecystectomy, LPLC low-pressure laparoscopic cholecystectomy, BMI
body mass index, NSAID non-steroidal anti-inflammatory drug
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Table 2  Operative outcomes as per intention to treat
LPLC SPLC p value
N 51 49
Surgeon satisfaction <0.001
1 2 (4%) 0 (0%)
2 13 (25%) 4 (8%)
3 7 (14%) 4 (8%)
4 18 (35%) 9 (18%)
5 11 (22%) 32 (65%)
Requirement for increased 15 (29%) 4 (8%) 0.010
pressure
Surgeon correctly estimated 37 (68.5%) 32 (69.6%) <0.001
pressure

and 15 mmHg (Table 3). Frequency of shoulder tip pain at
4—6 h and 24 h was observed to be higher in those patients
operated on at § mmHg when compared to those operated
on at 12 mmHg; however, this did not reach statistical
significance.

The operating time in the three groups was not significantly
different with a median time of 62.5 (IQR: 47, 77) min in the
8 mmHg group, 67 (IQR: 49, 78.5) min in the 12 mmHg
group and 76.5 (IQR: 55.5, 104) min in the 15 mmHg group
(p=0.56) (Table 4). There was no difference in bradycardic or
blood pressure events, or post-operative complications be-
tween groups. Nausea or vomiting was noted in 7 patients
(13%) in the 12 mmHg group with none in the 8 mmHg or
15 mmHg groups, with the comparison between 8 and
12 mmHg reaching significance (p=0.033).

There was no difference in the dose of intra-operative
fentanyl given between groups (Table 4). However, there
was a significant difference in post-operative recovery fen-
tanyl requirement between patients operated on at 8§ mmHg
and 12 mmHg (12.5mecg vs 60mcg, p=0.047). Total inpa-
tient oxycodone use was not significantly different between
groups.

Discussion

This study has been designed to answer the question as to
whether reduced intra-abdominal pressure reduces post-
operative pain with minimal bias. With a significant reduction
in post-operative fentanyl noted, but no difference in pain
scores, the result of this study is that LPLC does indeed reduce
pain, but only by a small degree that is easily compensated for
by an increase in recovery room opiates. The significant in-
crease in nausea and vomiting may be associated with this
increased fentanyl use, with these symptoms potentially re-
ducing the ability to discharge patients on the same day.
Thus, whilst the observed differences may be small, the con-
sequences may still have clinical and economic impact.

The study’s findings concur with several studies which
demonstrate modest reduction in pain scores or analgesic re-
quirements '*>~'°. According to the most recent Cochrane re-
view of this topic, however, only one study was performed
with low risk of bias ®*'®. Interestingly, this study demon-
strated no difference in pain scores or analgesia requirement
between low pressure (§ mmHg) and high pressure (14
mmHg) groups. Although rated as lowest risk of bias by the
Cochrane review, it appears that surgeons were still aware of
the pressure at which they were operating '®. In addition to
blinding the operating surgeons and anaesthetists in this study,
we have also performed this study with a standardised anaes-
thetic approach to ensure that there is minimal bias from dif-
ferent levels of relaxation. Whilst there are many studies that
contradict our findings and demonstrate no difference in pain
scores or analgesia requirements, these studies are not free
from bias %7,

Shoulder tip pain is a not infrequent consequence of all
laparoscopic surgery, including LC as well as laparoscopic
appendicectomy, laparoscopic gynaecological surgery and
more major oncological resections '*'°. The most commonly
accepted theory of parietal pain following laparoscopic sur-
gery is that of barotrauma with pressure on the diaphragm and
peritoneum causes tearing of peritoneal muscle and tissue, the
release of inflammatory mediators and traction on nerves *°.

Table 3 Post-operative pain

scores per pneumoperitoneum Factor 8 mmHg 12 mmHg 15 mmHg p value
pressure
N 36 60 4
Pain scores at 4-6 h post operation
Overall pain 3(2,4) 3(2,95) 3(1,6) 0.55
Shoulder tip pain 0(0,1) 0(0,0) 0 (0, 0) 0.56
Frequency of shoulder tip pain 9 (25%) 13 (21.7%) 0 (0%) 0.52
Pain scores at 24 h post operation
Overall pain score 3(2,5) (n=31) 3(2,5) (n=56) 3(1, 3) (n=3) 0.64
Shoulder tip pain 0 (0, 0) (n=31) 0 (0, 0) (n=56) 0 (0, 0) (n=3) 0.64
Frequency of shoulder tip pain 7 (22.6%) 12 (21.4%) 0 (0%) 0.90

@ Springer



J Gastrointest Surg (2021) 25:2806-2813 2811
Table 4 Intraoperative and
postoperative anaesthetic 8 mmHg 12 mmHg 15 mmHg p value
outcomes
N 36 60 4
Bradycardic event 0 (0%) 2 (3%) 0 (0%) 0.56
Blood pressure event 18 (50%) 17 (28%) 2 (50%) 0.072
Nausea/vomit 0 (0%)* 7 (13%)* 0 (0%) 0.089
0.33%
Duration (min), median (IQR) 62.5(47,77) 67 (49, 78.5) 76.5 (55.5, 104) 0.56
Length of stay (days), median (IQR) 1(0,2) 1(0,2) 1(0,2) 0.936
Clavien Dindo 1 or 2 2 (6%) 4 (7%) 0 (0%) 1.00
Clavien Dindo 3 or 4 2 (6%) 1 2%) 0 (0%) 0.61
Total fentanyl in op, median (IQR) 250 (170,350) 250 (200,300) 350 (275, 400) 0.18
Total fentanyl in recovery, median (IQR) 12.5 (0, 60)* 60 (0, 100)* 0 (0, 70) 0.10
0.047*
Total oxycodone in hospital, median (IQR) 5 (0, 14.5) 7.5(4.5,10.5) 10.5(5,13)(n=4) 0.75

2 p value comparing 8 to 12 mmHg alone is shown

Residual pneumoperitoneum and peritoneal carbonic acid
production have also been linked to shoulder tip pain 2'. We
did not show any significant difference in shoulder tip pain
between groups, suggesting either that there is minimal clini-
cal difference in barotrauma of parietal tissues when compar-
ing 8 to 12 mmHg, or that the operating time of a LC is
insufficient to demonstrate a clinical difference.
Interestingly, we observed a higher, though insignificant, fre-
quency of patients in the 8 mmHg group report shoulder tip
pain at 4-6 h. It is possible that barotrauma is not responsible
for shoulder tip pain, and may be due to another mechanism
such as retained blood and bile that is more difficult to irrigate
and suction at lower pressure with less space around the liver.
This may also explain why other causes of abdominal disten-
sion such as acute large bowel obstruction and ascites often
present without significant pain or shoulder tip pain. Our find-
ings suggest the cause of shoulder tip pain is far from
established and that further studies are required.

The major argument against LPLC is that of safety with a
frequent complaint that low pressure leads to poor views and
thus unsafe dissection 2. Poor view is associated with low
pressure, and our study has shown this with 44% of LPLC
operations rated at 3/5 or less, compared with 16% in the
SPLC group. Whilst some poorer view simply makes the sur-
geon’s job more tedious, there is a cohort of these patients
where surgeons would deem the operation to confer more risk
to the patient. Our study confirms that this is an issue for a
moderate number of patients, with 29% of patients in the
LPLC group requiring a protocol driven increase in pressure
to 12 mmHg. No patient required a further increase in pres-
sure, although 4 patients in the SPLC group also required a
pressure increase. However, there was no difference in mor-
bidity and none of the complications noted in the LPLC
groups appears directly linked to a pressure-related technical

issue. When compared with other studies with observed ‘con-
version to standard pressure’ rates between 2.3 and 15%, our
results appear much higher *'*'*'¢. Assuming our rigorous
anaesthetic protocol allowed for adequate relaxation, it is un-
clear whether our increased rate of conversion reflects a pa-
tient cohort that has poor abdominal wall compliance, or a
surgeon cohort that is not prepared to work with a less than
perfect view. Whilst complication rates have been reported in
the range of 5.4 to 35% TLI3.1418 1 LPLC, to our knowledge,
no study has reported an increase in morbidity with low-
pressure LC compared with standard pressure. Our complica-
tion rate is low in comparison to this literature, possibly justi-
fying a meticulous requirement for optimal vision. Thus, it
appears that LPLC is safe to perform and therefore justifiable
to commence the operation under low pressure given the abil-
ity to increase pressure easily if vision is considered
suboptimal.

Post-operative nausea and vomiting is a common side ef-
fect of general anaesthesia and the exact mechanism of this
side effect is unknown. Although laparoscopic surgery has
generally improved patient outcomes when compared with
open surgery, there is a higher incidence of post-operative
nausea and vomiting associated with this procedure ***.
The use of low intra-abdominal pressure on post-operative
nausea and vomiting has not been adequately studied in the
literature. The results of this study demonstrated a significant
reduction in post-operative nausea and vomiting when oper-
ating with lower intra-abdominal pressures; however, this dif-
ference may be attributed to the difference in post-operative
fentanyl requirement, and further studies would be required to
ascertain the true nature of the relationship between low intra-
abdominal pressure and nausea/vomiting.

It is human nature that blinded surgeons would guess and
assume they are operating at a certain pressure, and potentially
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behave in a way that could influence the study. There are also
subtle signs that an experienced surgeon could use, such as
time taken to re-expand following gas release, or degree of
anterior abdominal wall distention that may indicate the cor-
rect pressure. Thus, it was interesting that surgeons were cor-
rect in only 69% of cases when asked their opinion, less than
20% above the pure guess of 50%. The other main limitation
of the study is the sample size, with the potential for type II
errors given that the study was powered to detect a 10% dif-
ference in pain scores. Further multi-centre studies with a
larger study population could confirm this study’s findings
more definitively.

Conclusions

Whilst there was no difference in pain scores, the results of
this study demonstrate a marked reduction of recovery room
opiate analgesia requirement with low pressure (8 mmHg)
laparoscopic cholecystectomy when compared with a normal
pressure of 12 mmHg. This suggests that lower pressure does
reduce pain, but to a level that is compensated for by opiate
analgesia. An increase in nausea and vomiting may be asso-
ciated with the increased opiate requirement and could poten-
tially increase costs with delayed discharge. Intra-abdominal
visibility was compromised in some patients that underwent
LPLC; however, operative times and complications rate were
comparable across the two groups and with the ease of being
able to simply increase the pressure when needed; this should
not prevent low-pressure laparoscopic cholecystectomy from
being attempted in all patients to access the potential benefits.
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